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Several developing countries today experience acute 
deficits in urban housing stock. The cause of this 
situation is invariably two fold: a rapid rate of 
urbanisation coupled with scarce resources. The rapid 
growth of urban population is usually induced by urban- 
based economic development projects which require great 
expansion of the labour force mostly drawn from rural 
population. National priorities in these countries are 
heavily committed to capital formation and industrialis- 
ation in pursuit of an increasing Gross Domestic Product. 
Haywood (44) writes: 
"The fundamental priority in developing countries can 
be defined as the need to improve the standard of 
living for the people in general. This broad object- 
ive is however often translated as the need to 
increase the Gross Domestic Product and, within that 
specific requirement, the need to industrialise and 
develop export commodities which will generate 
hard currency and finance the importation of new 
materials and technology to speed development. " 
Hence, governments prefer to put scarce resources into 
economic development sectors rather than into social 
development - housing in particular. 
The premise often is that housing will be solved 
through economic development; as an economy produces 
more goods and expands, more surplus will be available 
to be spent on housing. This traditional view presents 
one of the major impedements to housing provision which 
brought about the present housing problem in urban 
centres. The cycle can be seen as an effort to emulate 
the patterns of growth which characterised stages of 
development in the developed countries. The circumstances 
today are completely different from those of the past 
in many respects especially in international relations 
between countries as well as in internal relationships 
between social strata. 
Haywood(44) argues: 
"However the poor and in many instances, declining 
economic performance of developing countries is 
currently drawing increasing attention to the false 
nature of the assumptions which underlie many 
development policies. The developed world achieved 
its economic growth largely because the then 
underdeveloped world provided it with a strong 
economic base in terms of the supply of raw materials 
and subsequently large markets for manufactured 
goods. No such possibilities exist for the 
developing world and it is forced to rely on the 
developed world for its economic stability. Recent 
world events have demonstrated how closely financial 
and political stability are linked and how delicate 
is the state of equilibrium between the needs of the 
developed and developing worlds". 
It is well acknowledged today that economic and social 
development are inseparable and are mutually effective. 
Social development in terms of education, health and 
housing although resource-consuming and often without 
visible monetary returns, constitutes the basic requirement 
for upgrading the people upon whom the economic development 
of any nation rests. According to Abraham 
(4), 
"The truth is that social change may often come 
before economic change or be concurrent. There 
are social overhead projects which are comparable 
to economic overhead projects in that they provide 
little or no dividend in foreign exchange; they 
also yield low returns and take time before their 
real benefits can be counted. Nevertheless, they 
are indispensable to the proper balance of 
development and to the economic activities that 
require them". 
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Housing comes among the fundamental constituents 
of social development. 
"Because of the intimate relationship of housing 
to family life", McQuire argues, "it is a 
pillar of social stability and groups 
satisfaction"(13). 
Bad housing in terms of overcrowding, squatting and 
lack of sanitation is believed to: 
"yield a high juvenile delinquency rate, high 
rate of family dependence on public assistance, 
high proportion of illiteracy, more non-support 
cases, crime and alcoholism ... etc. "(4) 
On the other hand provision of adequate housing 
is believed to have a positive impact on users' health 
and productivity.. The studies of Burns on the miners' 
housing in Hambaik in Korea as quoted by Grimes 
(6) 
verified that health benefits of improved housing 
could be measured in terms of a yearly saving of fifty 
clinical visits per hundred of the rehoused people. 
The same studies found that the average weekly output 
per worker increased 28 per cent from $13.00 before 
rehousing to $17.4 after rehousing. Similar positive 
impacts have been noted for cities in Mexico, Venezuela 
and Kenya. 
(9) 
It is also believed that housing provision as an 
industry in its own right contributes positively to the 
economic development. McGuire(13) writes: 
"The traditional view of housing as a consumer of 
scarce resources is now being challenged by those 
who see the housing sector contributing positively 
to economic development by providing jobs in the 
construction sector, fostering a building materials 
industry and increasing the well being and hence 
the productivity capacity of the society. " 
The urban centres of the Sudan, similar to those of 
other developing countries, endure the phenomena of acute 
housing deficit, brought about mainly by rapid urban 
population growth and lack of resources. It is estimated 
at present that the rate of urban population growth is 
7.5% p. a., 2.5% natural growth and 5% due to rural-urban 
migration(3). The scarce funds available to the authority 
are largely channelled toward industrial and agricultural 
development, and infrastructure. Housing provision is 
overwhelmingly left to the people to deal with. As over 
70% of the urban population falls within the low- 
income bracket(4) and cannot afford housing of an 
acceptable standard, further limitations are imposed 
on housing supply. One clear indication of this fact 
is the rapid-growth of "illegal" forms of settlements 
in the urban centres. The housing problem has already 
reached an alarming stage where earnest attempts to 
solve it are urgently needed. As a long-term policy 
in tackling the problem the rural-urban drift should 
be curbed through decentralisation of employment- 
generating projects rather than the current concen- 
tration in the major urban centres; and also through 
upgrading the rural standard of living which often 
lacks the basic services and amenities. These long- 
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term measures, however, are not the subject of this 
dissertation and it is only mentioned here as part 
of the overall context concerning the housing problem. 
The concern of this dissertation is to propose 
a realistic and rational approach by which the rate 
of housing supply to the low-income people - who 
constitute the majority of urban population - could 
be increased to the level that would approach the demand. 
Three major prevailing constraints are considered 
in the process: 
1. That the gap between housing cost and level 
of financial affordability of low-income 
people is daunting. 
2. That the authorities under the current 
stringent financial conditions could only 
outlay minimal public funds to housing. 
3. That most of the required housing supply 
should be made by the users themselves. 
Under such circumstances, it is believed, the 
objective of an increased low-cost housing supply 
could be achieved through the following measures: 
i. Augmenting the financial resources of the 
people to the level that would allow them 
to buy, build or rent housing through the 
provision of long-term low-cost finance, 
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which could be drawn from several sources 
including the mobilisation of the savings 
of all income groups. This important 
facility of finance does not exist at 
present. 
ii. Involving the authorities in the process of 
accelerating the housing supply. Not 
necessarily by more public spending, but by 
stretching the use of allocated public funds 
to serve a wider section of people, by adopt- 
ing legislative and administrative measures 
which would aid the people to mobilise their 
collective resources and improve their 
technical skills, and by the establishment of 
realistic standards which would give the 
people more freedom in providing their 
dwellings within their available means. 
iii. Employment of technology to reduce the cost 
of housing through design, better use of 
materials and better methods of construction. 
All these aspects in reality would interact to 
determine the volume of housing supply. Therefore, 
in order to attain the maximum possible rate of housing 
supply they should, essentially, all be considered in 
working out an approach to the problem. The dissertation 
as such is presented in four main parts: 
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PART ONE: Reviews the existing housing situation 
in the Sudan. It also puts forward propositions 
concerning aspects of FINANCE and ADMINISTRATION 
which are determinant in accelerating the supply 
of housing. 
PART TWO: Explores the means of reducing the cost 
of housing through design of SPACES, FABRIC and 
SERVICES. Special emphasis is put on the use of 
local resources in terms of building materials 
and expertise in order to achieve more economy. 
PART THREE: Demonstrates the use of STABILISED 
SOIL as an example of enhancing existing 
technology to achieve economies in construction 
costs. 
PART FOUR: Explores the utilisation of all 
available resources including users' manpower 
to reduce the cost of housing construction as 
an important measure in tackling the problem. 
As such, AIDED-SELF-HELP is proposed as a method 
to be employed in realisation of low-cost 
housing. 
Although the measures considered in this approach 
are applicable to provision of low-cost housing 
all over the country, the two parts of this dis- 
sertation on design and building materials refer 
mainly to the central urban centres of the Sudan 
which are shown in figure (1.1). 
URBAN CENTRES OF CENTRAL SUDAN 
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PART (OTTE) - SECTION (ONE) 1 .1. 
THE PRESENT HOUSING SITUATION 
1 .1 .1. GENERAL : 
The scale of the housing problem in the Sudan 
in terms of demand, available stock, and environmental 
standards, can be gauged by some general statistics: 
(i) The current average annual rate of urban 
housing supply according to Battelle's 
report(19) is less than one dwelling per 
thousand people. This figure represents 
in reality the number of sites allocated 
for houses and not actually built 
dwellings ready for use. To discern the 
magnitude of the scantiness of supply 
the above figure should be compared to the 
figure of 10 dwellings per thousand people 
per annum recommended by the United Nations 
as a minimum rate of supply. 
(ii) The occupancy rate in urban centres of 
Sudan often exceeds 3 persons per room. 
""43; 0 of the existing urban housing stock, 
in 35 selected urban areas containing 
471,490 houses, had only one room and 
40% of these one-roomed houses were 
occupied by household of 5-6 persons" 
(3). 
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(iii) Over 65% of low-income urban households 
spend more than 30qä of their income on 
accommodation. 
(19)" 
(iv) Among urban households 72% have access to 
piped water, 52% have electricity and 
only 37% have access to hygienically 
unobjectionable sanitation. 
(19) 
In the Sudan, as in other developing countries, 
housing is provided by three major sectors; the private, 
the public and the popular which have different roles 
and resources. In general terms the private sector 
caters for those with incomes over (L. S. 1200-11'480 p. a. )*, 
the public sector for those with incomes from 
(L. S. 300-¬120 p. a. ) and the popular sector for the 
very poor, those with incomes below (L. S. 300 p. a. - 
¬120 p. a. ). 
Although it is possible to make these broad 
distinctions, it would be misleading to conclude 
that each sector operates independently of the 
others. In reality all are intricately bound by 
economic and political forces which manipulate the 
overall housing market. The following account 
indicates the input of each sector into housing 
provision: 
*The current ! `exchange rate of a sterling pound is 
equivalent to 2.5 Sudanese pounds (L. S. ) 
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1.1.2. THE PRIVATE HOUSING SECTOR: 
The structure of the private sector comprises 
individual investors and siiftple construction 
companies which work to contract. Although 
traditionally capital investment in housing has 
not been common, current local economic factors 
are changing the situation. Real estate is viewed 
at present as one of the few inflation-proof 
commodities around, since the scale of appreciation 
in buildings has equalled the general rise in 
prices. Housing in particular tends to attract 
investment of an increasing number of local 
entrepreneurs in protection against inflation and 
currency devaluations. The goal of the investor is 
the highest possible return on the capital invested 
while little regard is paid to the dwelling needs 
of the prospective tenants. Consequently most of 
the investment is attracted to the middle and 
higher income groups housing market, where the return 
is more lucrative. 
However, developers in the sense of mass 
housing producers are not available yet. Lack of 
finance compounded with uncertainties as to the size 
of effective demand and marketing prospects, as well 
as exhorbitant costs of land and construction, are 
frequently referred to as major factors against the 




It is the private sector in the developing 
countries which provided the bulk of housing in 
post-war years and continues to do so today(6)(13) 
Even some developing countries, realising the 
importance of the private sector, have extended 
enough facilities and incentives to get it 
effectively involved in housir_g supply. Precedents 
in 'Singapore and Malaysia verify that the private 
sector could contribute a great deal to housing 
provision under favourable conditions. 
(15) 
With 
similarly improved conditions the private sector 
of the Sudan could be hired to the alleviation of 
the housing shortage. 
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1.1.3. THE PUBLIC HOUSING SECTOR: 
Relatively large scale public housing for 
ownership has only been attempted in Khartoum in 
1962, and in Port Sudan in 1967. The two schemes 
comprised about 1500 low-cost houses which were 
sold out on rent-purchase bases at 3% interest and 
monthly payments not exceeding 25% of income. 
Although the two ventures succeeded in bringing 
home-ownership within reach of a section of low- 
income earners through easy credit, yet there were 
two basic drawbacks. Firstly, they satisfied a 
very small proportion of the total housing need; 
only 1500 families were housed from a list of 
25,000 applicant families(43). Secondly the two 
schemes serviced only those of low-income with 
regular wages, mostly government employees, that 
again represented a small fraction from the low- 
income group. Elias 
(43) 
writes 
"Already 50%ö of the economically active people 
in urban areas have incomes lower than the 
specified range and are therefore not qualified 
for a house in the hire-purchase schemes. " 
The two schemes, however, made the authorities 
realise that available funds and technical means 
could not cope with the huge housing need through 
provision of built houses. As a result, the authorities 
reverted to sites-and-services schemes in the 1960's, 
which started by the leasing of planned, prepared, 
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and serviced sites(3). Over the past ten years the 
notion of sites-and-services has drastically diminished 
to the selling of unserviced land plots only. 
A-Karim(3) commenting on sites and services schemes of 
1976 writes(3): 
"Despite the fact that the lessee paid the cost 
of basic services most of these areas are still 
waiting for services and most of the houses are 
still under construction". 
Sites-and-services schemes usually involved the 
development of peripheral urban land, whereby the 
process of land allocation recurs in intervals of 
about five years. In each allocation event, number of 
applicants exceeded number of designated land plots 
many fold. For example in the current housing 
schemes of Khartoum (1976/83) the number of 
applicants is about 90,000 while the total number of 
plots is 30,000. Land plots are allocated to 
applicants from three defined income brackets and 
according to three corresponding sets of standards 
(Table 1.1) regarding plot size and materials of 
construction. At each allocation the overwhelming 
majority of applicants came from the low-income group. 
In the current housing schemes of Khartoum 80% 
of applicants are from the low-income group(2). 
Recent experience suggests (a) low-income people are 
the most affected by the housing shortage, (b) sites 
and services schemes offer a tangible solution - 
at least from point of view of legality of, &tenure 




In view of the available statistics it could be 
said that the contribution of the public sector 
towards housing provision is negligible in 
proportion to need. According to A-Karim(3): 
"The urban housing need based on average 
household of 5.4 persons indicates a demand of 
60,000 housing units per annum up to 1985; 
currently the average rate of provided sites 
is about 10,000 per annum in all major urban 
centres",. 
Also the present implementation of the sites- 
and-services approach is inadequate and does not 
help the immediate provision of dwellings. The setting 
out of remotely located land plots at exorbitant 
prices which are often deficient in basic services 
and transportation facilities, could hardly be 
called housing provision. The current implementation 
of the sites and services approach only means 
legalisation of tenure, and not the provision of 
housing. For a poor family owning a plot of land 
this is undoubtedly a great achievement in itself; 
but it is only the first step in a lengthy and 
tedious trail to acquire a shelter. The gap 
between income and cost of constructions is beyond 
the reach of most low-income families. This was 
demonstrated by the findings of a random sample 
survey carried out in 1980 by the Khartoum Housing 
Department. The survey covered 600 land plots from 
a list of 1500 plots allocated to people in 1976 





INCOT GROUP/PLOT SIZE-RELATION 
GENERAL I? NCO E GROUP 
MINIMUM STANDS (a) (b) (c) 
MINIMUM PLOT AREA 
(m2) 
200 300 400 
ROOFED AREA 40 50 70 












WALL MATERIAL Mud Red Brick Red Brick 
ROOF MATERIAL Traditional Modern 
Definition of income groups: 
(a) Low-income; with incomes between L. S. 300 p. a. to 
L. S. 600 p. a. 
(b) Medium-income; with incomes between L. S. 600 p. a. 
to L. S. 1200 p. a. 
(c} High-income; with incomes above L. S. 1200 p. a. 
Source: Battelle-Institute Report, Ministry of National 
Planning, Democratic Rep. of the Sudan, 1980. 
i 
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42% of the sample plots had actually been built and 
used, 46% had not been developed but remained in 
possession of initial buyers, and 12% had been resold 
to land speculators or persons from higher income 
groups. The findings also revealed that construction 
cost has been the major prohibitive factor that 
stopped 58% of the families from building their houses. CD, 
The sharp rise in cost of building 
(especially imported items) and cost of 
after the 1973 energy crisis, have esca; 
overall cost of construction to a level 
by an increase in incomes (Fig. 1.2. ). 
two-roomed house costs about five times 






At present a 
the annual 
(38) Hamdi `' 
"The cost estimates for a 60 m2 two-roomed house 
with a sala and a traditional roof covering are 
over 24800. This represents an increase in 
building costs of approxi: ately 250% since the 
early 70's. " 
In view of the soaring cost of construction, and a 
complete absence of credit facilities, the building of 
a house under such stringent conditions becomes a 
strenuous task for a low-income family. 
Ostensibly, with the current scarcity of public 
funds, the only feasible choice for the authorities 
in meeting housing need, is the sites and services 
approach. But in principle this approach has to be 
supported with some basic measures by the authorities 
in order to bring a rapid realisation of houses. The 
MEDIAN INCOME 







1970 390 18 1080 2.8 
1972 - 
1974 630 4.0 2400 3.8 
1976 655 60 3600 5S 
1978 860 80 4800 5.6 
1980 1080 120 7200 6.7 
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AND MEDIAN HOUSEHOLD INCOME LEVEL 
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supply of basic services prior to allocation of land 
plots; the provision of low-cost credit facilities; 
and the implementation of realistic standards, would 
effectively increase the rate of housing supply. 
"The housing problem in the Sudan", according 
to A-Karim, "is not merely the product of lack 
of resources but also the waste of these resources 
through the lack of appropriate administrative 
structures and the application of often irregular 
norms and standards". (3) 
1.1.4. POPULAR HOUSING SECTOR 
This constitutes the major source for housing 
low-income families. It embraces 'squatters' 
settlements which are usually built of perishable 
materials on illegally possessed land; the 
'spontaneous' settlements which are built of more 
durable materials on a legally acclaimed site; and 
a number of poor families that also live in 
dilapidated but legally built houses commonly known 
as slums. 
The unprecedented fast manner in which squatters 
and spontaneous settlements came into being in 
the last decade has left the authorities in a bewildered 
state as to what course of action should be 
GU 
taken. On the one hand eradication, as happened at 
'Umbada'* settlement in 1972, has lead to rioting 
and political agitation by the inhabitants in defence 
of their livelihood. On the other hand any form of 
help by the authorities in terms of replanning or 
extension of some basic services as in the case of 
(Drushab)* settlement in 1974 encouraged formation 
of more settlements. In the last five years, however, 
the authorities seem to have opted for ignoring the 
presence of existing illegal settlements while 
putting a ban on any further developments. Drakakis's(15) 
explanation of this attitude by the authorities is apt 
here. He argues that: 
"In many ways the authorities are relatively 
content to allow these irregularities to persist. 
Since, on the one hand, the low cost of squatter 
housing and the money earned from clandestine 
occupations ensure large masses of urban poor 
survive with minimum demand on the public 
exchequer. On the other hand, the illegal 
nature of so many aspects of their life enables 
the authorities to retain a strong, although not 
always tight control over the inhabitants". 
Many low-income families also live in dilapidated 
houses which are subdivided by landlords to smaller 
dwellings - often single rooms and shared services - 
* Umbada and Drushab are spontaneous settlements 
located at the fringes of Khartoum. 
to intensify their rental revenues. They are generally 
characterized by overcrowding and squalor. The 
services, which once catered for a reasonable number 
of users, fail today to cope with a multiple of that 
number. 
Popular housing, controversial as it is, 
continues to provide shelter to a large proportion 
of the urban population. According to Elias 
(43) 
about (55%) of the total number of urban families 
are serviced by popular housing. Squatters and 
spontaneous housing settlements in the Khartoum 
conurbation are estimated by A-Karim(5) to provide 
about 30°, % of the urban housing stock. 
The attitude of contempt and condemnation 
towards popular housing which lead to the slum- 
clearance programs in the early 70's proved both 
unrealistic and futile. First, the enforced housing 
standards are incompatible with the inhabitants 
levels of income; they are much too expensive for the 
poor. 
"It can be concluded that the inappropriate 
policies and norms and the failure to implement 
new initiatives contributed to the aggravation 
of the housing problem aid further widened the 
gap between need and supply"., A-Karim, (3) writes. 
Second, all displaced families are usually 
without substitutes to their bulldozed 
.ý 
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shelters; they have no other choice but to start 
a new squatter settlement all over again, usually 
remoter from the town than the previous one. The 
end result is persistence of squatting while the 
poor are fruitlessly drained of their meagre 
resources. 
Upgrading and rehabilitation of depressed 
areas, in terms of provision of basic services 
and social facilties, proved in many situations 
a better approach than eradication 
(4) 
. Authorities 
such as those of Zambia(23), Tanzania and Senegal(7) 
have actually come to view the upgrading of 
squatter settlements as part of their integral 
housing policies, rather than a series of unique 
projects. 
A general comment on popular housing by 
Grimes 
(6) 
is applicable to urban housing-in the 
Sudan: 
"In most cases much of this housing provides 
both adequate shelter and good access to 
employment. To condemn all dwellings below 
an arbitrary standard is to complicate the 
task of providing minimum shelter to all 
urban families and to render the housing 
problem larger than it need be". 
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PART (1). CHAPTER (2). 1.2. 
FINANCIAL ASPECTS. 
1.2.1. FINANCE - AN IMPORTANT CONSTRAINT IN HOUSING 
PROVISION 
Housing finance as defined by McQuire(13) is 
the money provided by any source other than the 
users or builders for the construction or purchase 
of housing. A housing finance system consists of 
all institutions that are essential to sustain the 
flow of money into and through the housing sector. 
It encompasses public and private institutions 
that mobilise savings and provide long-term credit 
as well as government subsidies and relevant 
regulations. A sound housing finance system is an 
essential facility which could mediate funds from 
surplus economic agents to builders ana buyers of 
housing, the availability of which offers poor 
people an alternative to the lengthy process of 
savings aggregation. 
As the gap between housing construction cost 
and most incomes in the developing countries is 
large and ever increasing, the presence of a sound 
housing finance system becomes essential in providing 
low-interest long-term credit to boost the numbers 
that can afford to build or purchase dwellings. 
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McQuire(13) writes 
"Observations of housin- production around the world 
reveals that the major obstacle to any country 
sustaining a pro-ram of, housing development is 
the lack of a constant and guaranteed source of 
money. To sustain housing production year in and 
year out and to provide mortgages for investors 
and home owners requires the availability of 
funds from dependable sources at reasonable 
rates". 
It is also believed that scarcity in housing 
provision induces escalation in cost of housing(24). 
By an efficient financin; system the rate of housing 
production should increase which in turn shall have 
an effect in curbing the rising cost of housing. 
she basic prerequisites for any sound financ- 
system are sufficient sources for a continuous flow 
of funds and a system to administer the flow. The 
prevalent tight constraints on national resources in 
Sudan leave a narrow margin for public expenditure 
on housing(19), so other sources of finance need to 
be found. 
It has long been acknowledged by many authorities 
that the formation of private and semi-private srecialised* 
*Specialisation refer to the practice of allocating a 
majority of loanable funds (up to 80 per cent) into 
housing. 
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systems is important in housing finance. Their 
importance comes from offering: 
(a) Protection of housing finance funds from 
being diverted to other developmental 
sectors which may be considered to be more 
urgent. 
(b) Operational freedom from direct political 
control. The only control may be the 
guidelines of a declared national housing 
policy. 
(c) Lower credit cost, because of economies of 
scale in handling many financial transactions 
of one kind. 
Effective finance helps the house buyer and the 
builder alike. The availability of low-cost credit 
allows the middle and higher income groups to purchase 
housing to the standards they desire which in turn 
relieves the pressure exerted on the low-cost housing 
market. Poor families then have a better chance to 
acquire houses, according to Grimes 
(6) 
"Low-income households are able to purchase only 
what higher-income households do not want". 
It also stimulates the private sector to venture 
into the housing market. Robinson(20) writes 
"Credit facilities are necessary because the 
long gestation period in this industry means 
that there is a considerable lapse of time 
between the start of work and the eventual 
sale of the product. Start-to-completion times 
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of up to two years are commonplace. During 
this period bridging finance is usually 
necessary to cover the costs incurred. The 
price and availability of credit will therefore 
play an important part'in determining supply- 
side behaviour just as it does in determining 
the demand for housing. " 
The acute shortage of housing which characterises 
urban centres in the Sudan is equally attributable to 
inefficiency in finance as to inefficiency of 
administration and technology. In this section 
aspects concerning housing finance will be discussed 
as follows: 
1.2.2. APPR IASAL OF THE PR EVA IL II1G HOUSING 
FINANCE IN SUDAN. 
1.2.3. ALTEPUATIVE SOURCES OF FUNDS. 
1.2.4. ALTERN ATIVE HOUSING F Il: LICE SYSTEMS . 
1.2.5. PROPOSALS FOR HOUSING FINALICE IN TH 
jUDAN. 
1 . 2.6. LOW-COST HOUSING FINANC .. 
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1.2.2. APPRAISAL OF THE PRE`L ILING HOUSING F Iý1ANCE 
IN SUDAN: 
The operative sources in housing- finance in the 
urban centres of Sudan at present are household wealth, 
the Estate Bank of Sudan (EBS), and the commercial 
banks. 
The first constitutes a source of housing finance 
mainly for the middle and higher income groups whose 
funds are raised from personal savings and liquidation 
of fixed assets. 
The (EBS) was set up in 1967 primarily to provide 
low-cost credit to low and middle income families 
(who were defined then as limited income families), but 
it has been compelled over the last ten years to 
modify the original objectives. The current lending 
rate of (E3S) is 6%ý p. a. instead of the initial 36 p. a.; 
also the stipulated minimum income now is equivalent 
to middle-income defined by the ministry of housing. 
The (EBS) also considers only the basic income of 
applicant while among poor families income is often 
. derived from more than one member in the household(43) 
The commercial banks- generally provide loans 
to their regular clientele at high interest rates 
(10% p. a. and above) and on a short-term basis of a 
maximum of ten years. No concessions are offered to 
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loans for purchase or construction of housing. Other 
lending conditions are equally unfavourable to 
low-income earners as well as to a large part of 
middle-income group. Figure (1.3) depict the 
present structure of housing finance in the Sudan. 
The problems of housing finance in the Sudan 
can be summarised as follows: 
(i) Personal savings are not systematically 
mobilised in order to form a tangible 
regular source for housing finance. 
(ii) Reliance of (EBS) - the only specialised 
housing finance institution - wholly on 
public funds has influenced its policy 
and limited its service to a small 
segment of the population which is 
middle-class governmental employees. 
(iii) The Commercial banks' contribution to 
housing finance is insignificant. 
(iv) All low-income people and part of the 
middle-income group have no access to 
easy credit for housing. 
Therefore, new sources of funds and new methods 
to facilitate the flow of funds to finance an 
equitable housing market need to be found. 
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In the developed and the developing countries 
varied types of housing finance systems exist. The 
variation is brought about by differences in 
political and economic systems and in culture as 
much as by differences in the level of economic 
and institutional development. 
In order to propose a workable system in the 
Sudanese context some alternative sources of funds 
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1.2.3. ALTERNATIVE SOURCES CF FUNDS 
In all housing finance' systems funds are raised 
from one or more of the following sources: 
1.2.3.1 . SAVINGS 
1.2-3.2. GOVERi MENT I17PUT 
1.2-3-3. INTERN-" TIONyL AID. 
Each of these sources is now investigated to test 
its feasibility in the conditions of the Sudan. 
1.2.3.1. S=VINGS 
Savings have been acknowledged as an important 
source of funds to housing finance by most developed 
countries, where the major part of their housing 
supply depends on funds from savin; s-and-loans 
( 
institutions in their various forms. I4cGuire1ýý writes: 
"Most housing finance systems, at least in 
the market-economy countries, depend almost 
entirely on personal savings. Savings from 
individual households provide the bulk of 
funds that make the financing of housing 
possible". 
In most of the developing countries this 
bhý 
resource is either unused or underused to the 
benefit of housing finance. It is often assumed 
in the developing countries - especially the poor 
ones - that those who can save are the few of the 
middle-income groups and upwards. This misconception 
and the lack of efficient savings mobilising 
systems have lead to the unexploitatio-n of this 
1 
People with small or modest incomes will save if 
given the opportunity to do so in ways that can 
secure their confidence in ultinately being rewarded 
by obtaining a loan or by adding increments to their 
deposits. The United Nations report on a proposal 
for action on housing finance(12) states: 
"The available evidence shows that while the 
current rates of savings are low in developing 
countries, large potential sources of saving 
remain untapped; in particular, voluntary 
savings can supply a significant portion of the 
needed capital". 
It has also been shown in many situations that 
motivation to save among the low-income groups will 
increase if a savings scheme is coupled with a promise 
(q) 
of housing in the future through loans. Payne 
in his studies of Delhi has shown that over 5O, 
of squatters were ready to invest about 30,. of 
their monthly income in savings if they were granted 
an eventual secure tenure and improved housing 
conditions. Elliot(h1) using his experience of 
South America writes: 
rr.. , home ownership is so powerful in Latin America that even the low-income groups efforts 
to save for housing are not uncommon. Member 
savings unions and housing co-operatives 
regularly saved at least 10 percent of their 
monthly earnings in the hope of getting a house. " 
Also Mcouire(13) writes: 
"For most people saving involves the 
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postponement of immediate gratification to 
obtain comfort or security by that act or 
to purchase something in the future. But of 
all the reasons to save the strongest is to 
purchase a house of one's own". 
Savings in general are an established source of 
finance in housing and they can be a dependable 
continuous source if properly mobilised. The methods 
and systems of mobilisation of savings and allocation 
savings' funds into housing will be discussed in 
the next section (1.2.5. ) 
1.2.3.2. GOVERNMENT INPUT : 
In addition to allocating funds for housing 
finance from the regular general revenues, govern- 
ments have devised a variety of measures in order 
to: 
(a) Raise funds earmarked for investment 
in housing. 
(b) Induce private sector to invest in 
housing. 
Measures for (a) included social security 
funds, pension funds, trust funds, and issuance of 
mortgage bonds. Land and property taxes are also used 
for that purpose. 
Measures for (b) mainly relied on tax 
concessions on savings for housing, or on cost of 
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construction of housing, or on income and revenues 
from housing. Compulsory savings are sometimes 
imposed on enterprises recording to number of 
employees or volume of capital. 
1.2.3.4. INTERNATIONAL FUNDS 
Several international organisations are 
available today to extend funds either as low-cost 
loans or as grants for housing in the developing' 
countries. The United Nations agencies and the 
World Bank as well as non-sovermental bilateral 
organizations have made an effective contribution 
to housing in the Latin American countries(12) 
International funds are particularly important 
at the early stages of development of housing 
finance where seed capital and managerial experience 
is required. In most cases funds are extended on 
conditions of availability of a socially equitable 
housing policy and a clear perspective on the 
development of local housing finance system. 
The United Nations report on housing finance(2 
expresses that: 
"There is no sound basis for the dispensation 
of institution building or other international 
aid in the absence of plans which not only 
envisage the establishment of financiel 
institutions but also stip late the technical 
and social specifications of the favoured 
investment". 
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1 .2.4. ALTERNATIVE HOUSING FINANCE SYSTEMS : 
In this section housing finance systems are 
reviewed with respect to the experiences of two 
main groups of countries: 
(i) The developed countries, which comprise 
the free economy and the central economy 
countries. 
(ii) Developed countries mainly from Africa 
and Latin America. 
(i) Housing Finance System in The Developed 
Countries. 
Industrialisation and the rava. _es of war exerted 
great pressure on the authorities to provide urban 
housing in large quantities. The huge demand together 
with urgency of provision brought about new 
developments in all aspects of production of housing. 
Creation of permanent sources for funds and 
establishment of sound housing finance systems were 
among the other basic developments. 
After the immediate post-war housing shortage 
had ended, most of the free-economy countries tended 
to shift the responsibility of housing provision to 
private and semi-private institutions. Personal 
savin; s constituted the main source for funds. 
Financial intermediaries such as commercial banks 
.,. 
3i 0 
and savings-and-loan associations, mobilised and 
allocated funds to buyers and builders. Goverments' 
intervention in the majority of these countries is now 
confined to, (a), provision of economic instruments 
to help mobilisation of savings and to induce the 
private sector to invest in housing and, (b), assistance 
of low-income groups and other unprovided-for groups 
(elderly, handicapped, new families ... etc. 
) in 
housing provision, mostly indirectly. 
In the U. S. A. the housing policy emphasizes 
the role of the private sector in providing housing 
for nearly all citizens in amounts and quantity 
consistent with their incomes. Direct government 
subsidies are restricted to families whose incomes 
do not exceed 80 per cent of the median income(13). 
", ubsidies are also provided to builders who undertake 
to build houses for poor families and rent them at 
economic rent. 
In the United Kin&dom direct intervention is 
mainly in the financing of local authority housing 
which is allocated to low-income families at 
subsidised rent. In Germany contractual savings are 
attracted by bonuses up to 35% of the saved sum, 
others voluntary savings are attracted by tax 
instruments and mortgage loans. Savings 
institutions engaged in financing housing receive 
preferential tax rates. Subsidies are extended to 
\, 
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renters and owners of dwelling units. Sup )lements 
up to-10°c', are given to tenants when the rent is 
over a calculated "tolerable rent", which is based 
on family size and income and usually estimated 
between 5 to 20 per cent of income. 
The contribution of co-operative housing is 
well demonstrated in the Scandinavian countries. 
The United Nations report on housing finance(12) 
states: 
"In Sweden the two major co-operatives function 
under the aegis of an advanced national housing 
policy which accords co-operatives a considerable 
role in attaining goals but whose instruments do 
not, by and large, aim to benefit co-operatives 
directly. The Swedish co-operatives can now 
produce low-cost high-quality housing for all 
sectors of the population". 
The Swedish co-operative own 34;: of the National 
housing stock(13). 
In the central-economy developed countries 
housing is viewed as a basic social need that should 
be provided by'the authority rather than a personal 
investment. an this premise most housing is produced 
and owned by governments. Rents are kept to a very 
low proportion of the tenants' incomes. In some 
countries of this group, after reaching a certain 
level of prosperity the people aspired for quality- 
housing and ownership; which instigated the formation 
of co-operatives to service those who can afford to 
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spend more on housing. McQuire(13) writes in this 
concern: 
"Ingrained custocs often take precedence over 
political and economic ideologies, and the housing 
sector often produces anomalies - situations at 
variance with professed ideology ..... till 
socialist states have had to modify their doctrine 
to rationalise individual property ownership". 
The responsibility of housing the low-income 
groups still lies with the authorities. In Poland 
loans are provided to housing co-operatives on terms 
of 0.0 to 3.0 per cent for up to 60 years period 
(24) 
of amortization. In Czechoslovakia the State 
Bank provides long-term credit for the housing 
co-operatives at a rate of 1.0 per cent for a period 
of 30 years. The State Savings Bank also offers 
low-interest loans to buyers of co-opern Live 
apartments. 
However, in both free and central economy 
developed countries systems there are ccmmon features: 
(a) The presence of housing policies and established 
finance systems. 
(b) Funds come from incomes indirectly in the 
free-economy where savings are drawn from. 
relatively higher-earners pressed by the 
need for housing, and directly in the central- 
economy countries where wages are relatively 
low but housing isuranteed and the authority 
enforces savings from salaries. 
kh. 
ýý 
(c) Lower-income group housing is catered for 
either by implementation of economic measures 
which will stimuläte housing provision by 
users or by private investers, or by direct 
provision of dwell infs. 
Appendix (1) shows housing finance structures from 
developed countries. 
(ii) Housing Finance Systems in the Developing 
Countries. 
A number of countries in Latin America have 
managed to develop effective housing finance systems. 
Brazil -a highly advanced developing country - 
provides a successful example. The : National : 1cu_; sing 
Bank of Brazil (BNH) was established in 1966 and 
within the last 15 years it has manaLed to contribute 
effectively to housing production. The (BNH) is o"w: neý' 
by the `overnment and it provides funds for housing and 
also assists other private housing finance 
institutions . Funds are primarily raised from the 
governments unemployments funds (TG SF). These are 
compulsory savings made by the employers (8°u of pay 
rolls) on behalf of employees. The funds are indexed 
against inflation. Also some of (BNH) funds come from 
social security and mortgage bonds. 
Housing for all income groups represent 70, ' of 
(B: 4i3) activities the other 305, are on provision of 
bý 
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infrastructure such as sewers and water projects. Low- 
cost housing is allocated 20; ý from the 70%; general 
housing funds. 
(13) 
Savings-and-loans associations and housing 
co-operatives are also operative. They raise their 
money from personal savings, membership funds and 
mortgage loans from the (B ; H) 
(13) 
Low-cost housing is financed through two ways: 
(i) The (B: JH) finances certain low-cost housing 
ororrrams which are executed by private 
developers and supervised at local level 
by local authorities. To attract private 
developers to these programs, (BNH) applied 
a sliding scale of rediscount; by which 
loans on low-value dwellings are discounted 
at lower-rates and vice versa. This system 
gives a high yield to developers producing 
low-cost units. 
(ii) For the lower-income groups the authority 
provides sites-and-services housing schemes 
coupled with loans at interest rates from 
0.0 to 1.0 per cent. 
Success of Brazil's housing finance system is 
demonstrated in the rise of average annual supply of 
hbý 
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dwellings from 5,000 in the 25 years prior to (3I`ni) 
to a current rate of 150,000(13). 
Two factors, however, are of particular significance 
in sustaining the system's viability:. 
(a) About 50 per cent of the total population 
(120 million people) live in urban 
conurbations(13). Most of them receive 
regular salaries from minin; and industrial 
occupations. This, facilitated to a great 
extent the process of savings mobilisation. 
The (TGSr) scheme accumulated from 1966 
to 1976 a sum of $8 bil.. ion(13) ; (3: JH) 
allocated 70% from that sum to housing. 
(b) The development of a secondary mortgage 
market made substantial resources available 
for housing investors. It acted as an 
effective means of transferring savings 
from wealthy savers to buyers of moderate and 
low-income earnings. 
The structure of the mortgage market in Brazil 
is shown in figure (1.4). 
In Africa most housing finance systems are still 
in the sr1y stages of development. The United 
Nations Housing Survey(24) attributes the slow progress 
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(a) A high proportion of the population still 
lives in the rural areas (80% on average), 
and do not have regular incomes. Therefore 
tapping of savings and application of other 
economic measures is very difficult. 
(b) Most financial resources are drained away 
by concentrated efforts on building of 
infrastructure, development schemes and 
establishment of administrative agencies. 
Little funds, or none at all, are left for 
housing finance in most situations. 
Several national housing finance institutions have 
been set up, but oaten the lendin` capacity is too 
small to cope with housing need. 
Experiences of some African countries are reviewed 
here to provide examples in similar situations to Sudan. 
In Tunisia, housing is financed by three main 
institutions: The Tunisian 3ani-: in; Corporation. 
Tunisia Real Estate Corporation and the National Fund 
for Housing Improvements(24ý. They are all-partially 
supported by the National Bank of Tunisia (NBT) which 
mobilises savings for housing funds. Public funds are 
used to cover the difference between market interest 
rate and the rate charged by financing institutions. 
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The Tunisian Banking Corporation provides financial 
assistance to housing co-operatives through the Labour 
organisation. It also provides easy credit and 
grants for self-help housing. Amortization payments 
from co-operatives and individuals go into a revolving 
housing fund. The Tunisian housing finance system 
as a whole managed to provide 180,000 dwelling units 
(24) 
in the years from 1968 to 1978. 
In Egypt - which is similar to Sudan in -"any 
respects - the Central Bank of Egypt (CBE) provides 
long-term low-in er: st crec'. it to(24) 
(i) Develop; er. t Corporations, which finance 
1o; ß-cost rental dwellings and moferate-cost 
ownership housing. 
(ii) Co-operative Organisation for Housing, 
which finances mere expansive housing than 
of the Development Co-operatives. 
( iii) The Egyptian Real -state and Yortgar e MA, 
which is a private market institution. 
Housing fundsfor the Central Bank are raised from 
savings, a substantial part of the social security 
reserves and from issuance of mortgage bonds. 
Certificates of housing have been introduced in 1972 
to attract savings amcno, households who wish eventually 
to own housing(14). The Egyptian housing problem is 
of a clossal scale compared to other situations in 
j 
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Africa. Cairo is estimated to hold 10 million 
people and growing annually at a rate of 2.73(15), 
The Governments attitude is'to concentrate on the 
restoration and expansion of the infrastructure of 
the urban centres and to rely more on the private 
sector to meet most of the housing demand. 
"Between 1960 to 1965 government funding of 
housing was slightly ahead of private funding, 
LE 84.4 million compared with LE79.4 million. 
From 1966 to 1970, private funding rose to 
LE 139.0 million while government funding fell 
to LE 75.5 million over the five years"(24). 
The governments contribution to housing is made in 
subsidies on credit and land which is given at 
nominal rates to the Development Corporation and to the 
Co-operative Organisation for Housing. The authority 
prepares sites and provides services for low-cost 
housing development and charges beneficiaries at cost 
(24) 
price. Payments are made on a long-term basis. 
In most other African countries housing finance 
systems are found in one or more of the following forms! 
(i) Commercial $anks which are the strongest 
private financial institutions. The 
United Nations report(24) observes that 
"where housing finance is undertaken by 
commercial banks, there are recurrent 
complaints that loan policies are too 
restrictive. Down-payments are often as 
high as 50 per cent, and the repayment 
periods as short as five years". 
-W 
(ii; National Institutions; which are either 
linked to an existing housing authority or 
partially autonorous. I: ost national institu- 
tions either receive public funds or borrow 
loans from commercial banks through central 
banks. In some cases international aid is 
sought; in Zambia the National Savings and 
Credit Bank is aided by the World Bank(23. 
Also the Tanzania National Housing Bank 
receives aid from the United Nations and 
Norway. 
(14) 
(iii) In some of the English speaking countries 
such as Nigeria and Ghana private savings 
and loan associations are found. In most 
cases they are called "building societies'", 
and they mainly finance the housing demand 
of the growing urban middle class. 
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1.2.5. ENVISAGED HOUSING FINANCE STRUCTURE WITHIN 
CONTEXT OF SUDAN 
The review of alternative housing finance systems 
demonstrates that savings constitute a major source 
of funds for housing finance. Upon this premise, 
the following discussion examines whether saving 
could constitute a reliable source of funds for 
housing finance in the Sudan. It is also argued, on 
the evidence of the existing housing chaos, that a 
true housing finance system should be found, and 
structured in a way that would embrace a broader 
housing market and would not conflict with the 
ambient cultural, political and economic constraints. 
Sudan is a mixed-economy country, so basically 
the question of State financed housing should be 
overruled. The dearth in public funds* stresses more 
co-operation between public and private sectos in 
provision of funds for housing finance. 
* Foreign debits are estimated at the moment at 
$8 billion (see South, April, 1983 Sudan). 
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Two institutions are operative at present in 
the mobilisation of savings; the postal department 
and commercial banks. The ächievements of the two 
institutions in mobilisation of savings are 
insignificant. 
"The Sudan, which until recently had very 
rudimentary housing finance organisations 
and still has no savings banks, established 
the Estates Bank of Sudan in 1967". (24) 
Promotional efforts to popularise the 
idea of savings is almost non-existent, one 
finds notices on rates of interest only in the 
bank-halls of Khartoum. Also, the depository 
centres are ill-located for most of the population. 
Although post offices are spread across the country 
few of them are authorised to receive savings. 
Banks are only found in provincial capital cities. 
Another factor which adds to the slow mobilisation 
of savings is that, Islam - the dominant reli7ion 
in the country - interprets savings as a form of 
usury (Riba), a major sin. In trying to overcome 
this obstacle the two institutions initiated new 
non-profit savings schemes. These also did not 
gain enough credibility, as for the conformist they 
sprang from the same sinful source. For the non- 







It is appropriate to mention here that Islam 
encourages investment in any business as long as 
it is basically virtuous and 'bears the probability 
of loss and gain. This principal known as ''Nugaida'' 
has been developed into modern institutional firms 
in some countries of similar culture to Sudan such 
as Saudi Arabia, Pakistan, Kuwait and Egypt. Mugaida 
institutions have already constituted competitive 
financial sources to the conventional sources of 
financeL1) ( . Successful investments have been made 
so far in agricultural and industrial schemes in 
many pests of the world, usually after careful 
feasibility scrutiny. Therefore, initiation of 
"Mugaida" housing schemes could prove equally 
successful. At least, they would attract savings from 
the part of population which objects to conventional 
savin; 's schemes. Such institutions would be private 
and profit-making and their operation-area would be 
production of houses as they, principally, do not teal 
in lending. 
They would have to make profit to sustain 
viability and to attract more savings. So, their 
likely beneficiaries would mostly be from middle- 
income groups. That would be an achievement, as 
savings from this part of the population could not 
he attracted otherwise, an used in housing production. 
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A form of non-profit voluntary savings known as 
'Sandok' is also found among the people in the Sudan. 
It is a traditional form of'mutual savings schere, 
where in principle people known to each other by 
(occupation, residence, kinship) : M, i7i collection 
unit. Agreed-upon equal shares are deposited at regular 
" intervals and each participant takes the collection 
in a rotating system. As the scheme is non-profit 
the only financial incentive in it is the assurance 
of getting a relatively handsome amount of money when 
need arises (for wedding or the building of additional 
rooms in the house etc. ). This practice also has a 
social implication: it strenIthens the sense of 
fraternity in the sociýty. The idea also reflects the 
positive attitude of the people twards savings and 
indicates the availability of savings potential. 
The middle and h firer income groups who do not 
save in the institutions either keep their savings in 
personal safes or convert their money into gold jewellery 
and land. Fear of inflation and. steady devaluation 
of the local currency draw, more people to opt for 
buying fixed assets. On this phenomena Drakakis(15) 
writes: 
"Throughout most of the Third '. orld such funds 
where they exist, are usually channelled into 
less fixed assets such as jewellery, gold or the 
non-tangible security of children's education. 
The responsibility for mobilising these resources 
and thus stimulating private development fall 
largely on the shoulders of national and municipal 
goverr: Went s. 11 
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experiences of other countries 2) have shown 
that for voluntary savings programs to succeed they 
should be convenient to the'masses of people in 
-terms of distance and formalities; they should be 
rewarding and they should be secure against 
mismanagement and inflation. 
Contractual savings with high interest rates 
might attract mainly savers from higher income 
groups as periods of retention tend to be too long 
for the low-income groups. This arrangement is 
favoured by Mccuire(13) as 
"it insulates a portion of the housing finance 
sector from the vicissitudes o° the market''. 
Compulsory savings as applied in Brazil (TGSýF) 
is not feasible in the Sudan for two reasons. The 
first reason is that about 80 per cent of the population 
still live in rural areas 
(16) 
and no control could 
c: rýd on their incomes as the case with the 
industrial workers of Brazil. The second reason is 
the implementation of compulsory savings on the 
newly-formed industries could jeopardise future 
investments. Also, the prices of products of the 
affected firms may be unduly increased as a result. 
International funds are usually utilised in 
training personnel to manage housing finance systems, 
5I 
provision of "seed capital" and in 
cost at the inception of a system. 
usually long-term loans, their rats 
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adoption of a sophisticated housing finance 
system similar to developed countries' systems or even 
to some advanced developing countries' systems, at this 
stage in development in Sudan is wasteful and may 
not work altögether. McQuire(13) writes: 
"There are constraints on any housing system that 
determine the barrier beyond which the system 
cannot grow. The most obvious constraints are 
the level of the national income and the 
distribution of the income within a country. 
The national income will determine the limits 
on the funds that are potenti311y available 
for investment purposes, including those that 
cannot be invested in the housing sector. A 
poor nation will have difficulty in developing 
on an extensive housing-finance system no matter 
how willing it may be if the funds simply are not 
there". 
This approach may be criticized as pessimistic 
or regressive. But, past experiences in the Sudan 
had proved that unrealistically ambitious approaches 
in the process of development have resulted in 
costly failures. The European banks (ABECOR) report 
(1981) on Sudan economy states: 
"The attempt at rapid economic expansion through 
agricultural development in 1970 has run into 
difficulties, with real per capita GDP declining 
in the past three years. Many projects are 
either incomplete or running well below capacity 
due to supply and labour shortages brought about 
by a scarcity of foreign exchange, misallocation 
of resources and an exodus of skilled manpower". 
.ý 
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Figures (15) and (1b) show employment and 
income level distribution and average urban household 
expenditure between broad items. The figures reveal 
that: 
(i) The greater segment of population (70>c) 
falls below the upper limit of low-income 
level. This segnent combrises those who 
earn from L$25 a month to 1 5O a month, and 
those who earn below 25 a month. Low- 
income earners, judging by other similar 
situations such as in India(s), can save and 
pay low-interest (1 to 3"i) on mortgage 
loans. 7"J s group ccrstitutes 45 o urban 
populz pion. 
Lo:: er-income group - includes people living 
at subsistance* level, unemployed and 
dependents - constitutes 2Y of urban 
population. This grcup canhot afford to 
save or pay interest. 
(ii) middle and upper income groups constitute 
only 305ä of total population. 
* Subsistance level defined by Turner, J. 
(1) 
as that 
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In view of the above facts the following conclusions 
may be drawn: 
(a) Any envisaged housing finance system to help 
alleviate the present acute shortage in 
housing should service to a great extent the 
need of low and lower income groups who 
compose the majority of urban population. 
A defined optimum proportion from mortgage 
funds should be channelled into low-cost 
housing market. 
These groups could either afford lower- 
interest loans or free-interest loans which 
in the two situations deep subsidy by the 
authority would be required. To maximise 
the number of serviced people and to sustain 
the viability'of funds certain measures 
need to be considered. Basically free grants 
should be excluded, a system of revolving 
funds should be adopted and loans should be 
reduced to minimum. These measures would 
incur adoption of self-help as a major mode 
in housing supply, identification of 
components in housing production where cash 
funding would be essential and more research 
on methods of reduction in housing cost. 
A 
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(b) Middle and upper inccme groups are able 
to draw loans at market interest rates. 
They constitute the effective demand in 
housing a sector regarded as vital to the 
sustainance of housing finance system as 
a whole. Provision of finance to these 
groups would allow, others to accuire housing 
of high standard which will relieve the 
present pressure on low-cost housing 
market. =A special section in the Estates 
Bann of Sudan (EBS) should be formed to 
cater for housing demand of middle and 
up_er income groups. 
i 
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1 . 2.6. LOW-COST HOUSING FINANCE. 
'Extension of easy credit to low-cost housing 
should be integrated in an overall strategy aimed 
at the market; which would include other aspects 
of cost reduction and quality enhancement. The 
premise is, by minimising required financial support 
for a single dwelling more dwellings could be served 
from allocated funds. Finance should also be T ---e 
available through housing associations rather than 
individuals in order to, ensure use of funds in 
housing rather than in consumption. 
Implementation of the proposed strat- y 
through housing associations would provide +' 
direct liaison between authority and beneficiaries; 
and would also benefit housing finance in the 
following ways: 
(_) asy ; obilisatio n of savings. 
(ii) The authority is likely to provide a 
needed guarantee for loans to associations 
rather than to individuals. 
(iii) A large collective loan for an association 
of low-income people could be obtained at a 
subsidised interest rate and then distributed 
by small individual loans. This is also 
more economical as it has been verified that 
cost, of lending is linked with number of 
(z4) loans rather than size. 
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Housing associations are found in vprious 
modifications of three basic types: 
(i) Non-profit associations. 
(ii) Limited-prosit associations. 
(iii) Co-operative housing associations. 
(i) Pion-profit associations usually are managed 
bfr a board of housing experts and 
philanthropic persons concerned with 
comrunity social problems(34). Prospective 
tenants are' only involved by paying a small 
percentage of housing cost before 
construction, which is counted as a cred. t. 
Rents are calculated to meet the basic cost 
of mortgage qnd maintenance of dwellings. 
Housing provided by non-profit associations 
could be suitable for low-incorme earners who 
cannot afford house ownership such as nei ly 
married couples or young bachelors. Special 
groups such as the handicapped and elderly 
people may also be catered for by non-profit 
association. 
(ii) Li7., ited-profit associations usuglly are 
affiliated to trade-unions, whose members 
constitute the shareholdings. Housing is 
produced for rental purposes only, and 




and usually are not engaged in the 
production or administration of housing. 
These types of associations have proved 
to be efficient in countries where trade- 
union movements are well established. In 
Denmark, for example, 53 per cent of 
workers' housing is provided by the 
Workers Housing Association which is a 
(32) limited-profit association . 
(iii) Housing co-operatives are forms of non- 
profit associations; their members (who 
are the users) are involved in all stages 
of production and management of housing. 
Co-operatives could be formed by any group 
of people who want to own houses. They are 
not necessarily affiliated to trade-unions. 
The range of co-operative activities may 
extend from handling savings and credit to 
construction and management of housing 
with varied combinations. Funds are raised 
from shares, savings and membership charges 
and are used in down-payments and repayments 
of mortgage loans. Co-operative dwellings 
usually are held as joint stock property 
in guarantee for mortgage loans. An 
individual member has a permanent right of 
occupancy which may be transferred by 
succession but he is not allowed to sell or 




On the bases of the discussion in this section 
a fr-. r e'iork for a proposed housing finance system 
that would work within the socio-economic and 
political constraints of the Sudan is depicted in 
figure (1.7). The framework carries the following 
main features: , 
(i) Centralisation of housing finance funds 
in the Central Bank of 6udan, to ensure 
as far as practical an equitable flow of 
funds to all sectors of the housing market. 
(ii) Assumption of involvement of private sector 
in production of low-cost housing under 
created favourable conditions. 
(iii) Interaction and interdependence of 
private and public a-encies in the s; 'stem. 
(iv) Separation of low-cost housing finance from 
other sectors in order to facilitate 
implementation of subsidies end technical 
assistance in addition to the basic 
protective aim. 
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PART (1) . CHAF'TEiZ 
(3). 1 .3. 
ADT"'Ir<ISTRATIVE ý; ONSTRiýI? \ITS 
1 . 3.1. SITES AND SERVICES r FPi; C. -SCH 
Sites and services provision has presented an 
important approach to the problem of housing in 
developing countries. it came about primarily due to 
lack of enough funds for building the needed number 
of houses. Also, observations of many modern 
authors in housing (Charles AbrarI 4), John Turner(") 
... etc. 
) in the last three decades, bestowed 
respectability on the methods poor ordinary people 
use in provision of their houses. They underlined 
the necessity of utilising - under tight constraincs - 
users' resources and rescurcefullness in housing. 
Jeffery tacki, et al 
(30, 
writes: 
"The image of the s : iftlezs s^_us-ter or slum 
dweller has changed to one of 
These citizens have become the uawardly mobile 
urban immi, rants, who are frugal and wise, 
carefully investing in the dwell_r, J as a means of building u equity and simultaneously 
improving their ii vin, conditions. Furthermore, 
the families are shown to be capable and 
quickly able to learn construction skills which 
provide levera e for employment; and often they are socially motivated, forming neighbour- 
hood organizations to deal with local problems 
and with external situations". 
The underlying principal of sites and services 
is the shared responsibility between authority and 
housing users. The authority should initially prepare 
and de::: arc, te sites and install b=. sic public utilities 
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in the case of poor people should include 
provision for transportation in addition to water 
and electricity supply. Dr6kakis(15) writes; 
"Site and services schemes need to be located 
within reasonable cost-distance of major 
industrial and commercial areas. This calls 
for a careful analysis of a city or to:: wn's 
transportation system, including bus frequencies 
and fares as they apply to project location". 
Actual construction of houses is tfti, users' part of 
responsibility, which could be done by self-help or 
by employment of contractors. 
II . !; avo and Haldane(31) outline the objective 
of sites and services approach: 
"The key objective of the serviced plot approach 
is to stimulate maximum private involvement in 
shelter development and employment using a 
minimum of public expenditure. Public action is 
initially geared to removing constraints to 
peoples' demonstrated ability and willingness 
to house themselves, and thereafter tc ensuring 
the development of a viable and complete community". 
in the Sud. n where low-cost housing users' 
affordability does not allow for construction of houses 
at market rates of labour and building materialsý'ýý 
more intervention by the authority would be necessary. 
, he authority should prompt the reople to or;; ari ze 
themselves so that they could efficiently mobilise 
their collective resources. Also technical and 
administrative assistance should be provided at the 
construction stage in order to attain better 
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economy and improved quality. According to Jeffery 
Raki, 
(30): 
"Self-help or self autönomy does not mean 
being left alone to survive as best you can 
with some token leG=3lity at the mercy of the 
market forces. " 
The present practice of implementation of sites 
and services in the Sudan is grossly inconsistent 
with the basic principals of the approach. Sites 
are regularly sold unservic_d while the people, 
expediently, pay for the cost of future installation 
of services. They are too often sited too far away 
from job opportunity locations. Users are neither 
organised nor assisted in any wady in the "-rocess of 
construction. Building a house -, n der these conditions 
to a poor family becomes a task demanding sacrifices 
and perseverance or a tccd nuri er of yea--s. The 
United Nations report(12) draws attention to this 
fact: 
'What 
should not oe over_ ! ,ca rO;, 'eve_r, are the . _., heavy economic and sccial losses sustained while the family slowly accumulates buil iing blocks and 
otter materials which the idle until the entire 
quantity is put together". 
Experience has shown that many low-income families 
succumb to selling their rights of tenure due to their 
inability to raise needed money for construction 
couple with relatively lu; rative offers from land 
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speculators and middle income people. 
These anomalies in the'current sites and 
services practice also brought about a general 
attitude of apathy and indifference among users 
toward their housing environment. Dumping of 
garbage in communal open spaces and drainage of 
foul waters in the streets is common practice, 
creating a very depressive environment to live 
in and causing health hazards. 
As the sites and services approach is essentially 
adopted to meet the acute shortage in housing, 
then in the case of low-income groups this approach 
should be integrated in an overall strategy that 
employs co-operative housing and aided self-help 
methods to facilitate rapid realisaticn of housing 
to the benefit of intended users. 
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1.3.2. HOUS II XI CO-OPER=i i IVES 
Generally, families in'sites and services 
schemes have little in common apart from their 
being in the same incor^e bracket(43). Under 
such a state of hetrogenity housing co-operation 
provides the right form of association to pursue 
in low-cost housing, as it is flexible and versatile 
enough to contain the situation. 
Also, housing co-operative members are expected, 
in principle, to actively participate in decision- 
(ni 
making and administra-ion of their association '`' 
both are basic prere: uisites in aided self-help 
programs. Therefore, co-operative housing could 
easily adopt aided self-help l. rograms. This fusion 
between finance anJ construction of housing would 
eliminate considerable amounts of intermediary costs. 
The number of households forming a housing 
co-operative unit should be assessed on cost-benefit 
bases. Below a certain limit it may not be 
economically feasible to form a co-operative. In 
similar conditions to Sudan such-as in Senegal and 
Ethiopia(36) where aided self-help programs have 
been implemented groups of 00 and 50 households have 
been respectively used as optimum numbers. Considering 
that the two situations are not identical neither of 
the two figures should be taken as the optimum. 
In most other situations where housing co-oper-. tion 
is followed, number of associate families in a 
co-operative rangebetween 20 to 100(36). Generally, 
the local economic factors of incomes and cost of 
construction, in addition to the social factors of 
family size, sex and age distributions, would 
determine the optimum number of associates in a 
housing co-operative. 
Lay-out of houses in the Sudan is usually 
based on grid-iron pattern (fig. 1.8) which may be 
employed in the formation of co-operatives. Houses 
are laid out in clusters each comprising between 
80 to 100 houses separated from each other by 
major roads. As the numbers of houses in the 
clusters fall within the range of above mentioned 
examples, they may offer th- required optimum. 
In future sites and services schemes a calculated 
optimum number of houses to support a co-operative 
could be censidered with the other criteria of 
physical planning. All co-operatives would operate 
under the auspices of the Housing Co-operative 
Organization (HCO) suggested in the proposed housing 
finance system in figure (1.7), and detailed in 
figure (1.9). PerceivinS that housing co-operatives 
would undertake aided self-help programs so their 
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(i) Raisins of funds from savings, subscriptions 
and down-payments (a percentage of dwelling- 
cost) from associate families. Raffles and 
organised events such as dances, plays ... 
etc. have also been used in raising of fund 
as in Ghana22' and Zambia ". The total 
amount of raised funds should cover a 
mandatcry proportion of the total housing 
cost which may be assessed by the low-cost 
housing section in(EBS. Rest of the cost 
would be financed by an early credit loan 
arranged through HCO. In other similar 
situations to the Sudan, acquirable credit 
financed 551, j of total cost as in Indias5 , 
. or 55, E of total cost as in Egypt 
(12) 
(A) Purchase of materials, hire of plant and 
skilful labour and also the book-keeping 
of aided self-help cash flows. In order 
to maximize the reduction in dwelling cost, 
importation and sales of building materials 
should be made by(H 0)and then disseminated 
to co-operatives against their loans. This 
procedure would also help in storage of 
materials in amounts that would ensure 
continuous supply under any irruptive 
conditions as usually happens in the rainy 
season. 
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(iii) r anagernent of housing up-keel after 
construction is completed. 
Realisation of housing on the basis of aided 
self-help will be looked at in detail in part 
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1 . 3.3. OTHER I' . ASUtir 
S TC BL UNDERTAKEN ?Y THE AUTHORITY 
It has been pointed out in the preceding sections 
that the main direct responsibilities of the authority 
in low-cost housing provision is to provide adequately 
serviced sites and assist the users in organizing 
themselves so as to bring housing into rapid realization. 
This section looks into other essential 
complementary legislative and administrative 
measures to the previous responsibilities of the 
authority. Presence of V e:. e measures would 
accelerate the rate of provision of houses and improve 
the quality of provided houses. They are discussed 
in the followinC six points: 
(A) EXTENS IO? 1 OF SUBS IDI .S 
(3) Il-' 
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(C) INDUCLI'LP1i" OF T'' CECTO 1.1,7'7C. LOW-COST 
HOUS L: 3 ri CVI; ý ION. 
(D) TRAIMNG OF LPGROUn 
(E) Pt, 0V1SIor: OF DATA 
(F) 0RGAývIS! +TIC:: OF RDSEARCH 
While all these points are important to the 
achievement of the mentioned ;; oats, 
(A) and (3) 
are believed to be of greater signifiCauce l '_ A" .ý 





Subsidies are usually used as tools in public 
policies to bridge the gap between costs and incomes. 
Extension of subsidies to low-income groups in the 
Sudan is essential as incomes are often incompatible 
with housing cost. 
At the same time the present tight public budget 
does not allow substantial subsidies to be made; so 
careful identification of areas where subsidies would 
be needed most and would be most effective is important. 
Also, the combination of sites and services schemes 
with aided self-help programs, would permit the 
authority to select certain components of housing where 
non-monetary subsidies could be made. 
Land is an expensive component in housing which 
should be deeply subsidised. It has been verified in 
1976 that cost of land constituted between 30% to 40% 
of total house cost(38); land was sold then at one 
third of current rates. At present minimum rate of 
land at official price is (L. S. 10/m2 - Z4/m2). 
Cost of a minimum size plot (300m2) is well over 
the annual income of an upper limit low-income earner, 
as explained in (2.2.5. ) of this thesis. So, intervention 
of the authority by provision of free land or by charging 
nominal rates which would only cover cost of 
preparation of land could save 
70 
substantial funds which could be used in construction 
of housing. ^: eedless to mention here that eventual 
public savings from subsidy"on land (hence rapid 
housing and better environmental quality) would 
outweigh the immediate loss in revenues. 
Monetary subsidies could be made in forms which 
provide for ultimate repayments, especially repayments 
into a revolving fund for reinvestment in low-cost 
housing. As individual loans in many situations proved 
to be ineffective(38); they should be made collectively 
to co-operative units through the Housing Co-operatives 
Organization fig (1.7. ). Loans could be spread more 
widely partially made in kind. 
Assuming that (HOC) would directly import 
strategic building matericls such as steel, cement 
and timber at subsidised customs duty, then more could 
be bought by co-operative units for less money. The 
cash part of the loan would be needed in paying 
wages of skilled labour and in siring plant. 
In some opinions repayment of collective loans 
to low-income people should be made on assessments 
of individual family status rather than overall. 
Drakakis(15) writes: 
"A more equitable credit system should operate 
a sliding scale of loans and repayments in which 
the lo,, ver-income groups receive loans on more 
favourable terms such as smaller equities, 
lower interest 'rates and above all a longer 
repayment period, related to the full working 
life of the borrower. " 
This procedure may incur establishment of a 
costly system of management by itself. However, 
it could be made workable if broader subdivisions 
among low-income people are made i. e. two or three 
levels of low-income brackets, and each would 
proportionally be subsidised. 
(B) STANDARDS 
It is paradoxical that the authority continues 
to insist on enforcing high standards in housing 
while thousands of families yearn for any form of 
shelter. 
Standards in general have direct implications on 
construction cost; in low-cost housing high standards 
raise the cost beyond the financial resources of many 
prospective users forcing them to refrain from building 
43ý. 
for long periods or sell their rights on the land 
Formulation of new standards has long been over 
due; the latest date of amendments on the currently 
used standards goes back to 1955. Their origin starts 
from the colonial era as reported by The East African 
Royal Commission(37) ; 
"Europeans living in colonies faced dangers to 
their health from tropical diseases. They 
tried to overcome this problem by erecting 
cordons sanitares' round enclaves in which very 
high building and sanitary standards were 
enforced by government regulations". 
This policy still maintained today by the indigenous 
elites, brought about planned and serviced areas 
for themselves; and unserviced, often badly sited 
developments on the fringes of towns for the poor. 
Several propostions have been put forward to 
replace rigid standards in other developing 
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countries and in low-cost housing particularly. Some 
have gone so far as to say that: 
"There are no minimal physical standards 
which are relevant for all sites and programs 
or for all cities or countries", and that 
"Standards should be predicted up on the ability 
of residents to pay for them"(5). 
Other more pragmatic views as of Oram(26) , suggest 
that standards should only meet the main requirements 
in housing such as: 
(i) Security from dangers of fire and 
structural failures. 
(ii) Conditions which promote good health such 
as basic services of clean and ample water 
and disposal of all kind of waste. 
(iii) Shelter from the elements and from intruders. 
The latter approach appears to be relevant to 
the present situation in the Sudan. However, the 
standard's issue is more elaborated upon in section 






(C) INDUCEMENT OF PRIVATE SECTOR 
V 
The private sector, under favourable conditions 
as in Malaysia(15), Singapore 
(25)v 
Egypt( 12) , etc., has 
proved to contribute substantially to provision of 
houses. Economic measures should be taken by the 
authority in the Sudan to attract local and foreign 
private firms to the low-cost housing market in 
particular. Creation of a sound housing finance system 
is the first step to be taken into that direction. 
Incentives such as tax reliefs and exemptions are 
among the other usually used instruments. Private 
enterprises providing rental-housing should be given 
more incentives to produce low-rental housing which 
is an important component in the low-cost housing 
market. Production of building materials is another 
area where the private sector could contribute a great 
deal to the reduction of construction cost. 
(D) LABOUR TRAINING 
During the last ten years or more, The Sudan has 
suffered from an exodus of skilled labour to the 
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neighbouring OPEC countries. The economic journal 
'South' in its edition of April 1983 writes: 
"A more important effedt on. Sudan was the 
tremendous drain of skilled labour across 
the Red Sea into Saudi Arabia-and the Gulf 
countries. .... The drain from Sudan was 
not only that of 'brains' educated to a 
high level but also of artisans and technicians... 
The migration has left a gaping void in the 
country's industrial infrastructure". 
On the local building industry that migration had 
two adverse effects, first the cost of construction 
escalated to a very high level, second the quality 
of recently produced buildings is visibly very poor. 
As massive implementation of sites and services 
schemes is expected to be the main approach to the 
housing problem then an equally massive training of 
labour should accompany it. However, if the exodus 
continues it woulc contribute to the economy by way 
of remittances of the expatriates. For the local 
market skilled labourers would be needed for aided 
self-help programs as well as for private and public 
agencies. 
(E) PROVISION OF DATA 
Data, as well known, are i prerequisite for 
research; they are highly deficient in the Sudan; 
particularly in such crucial issues to housing as 
demographic statistic, income levels and expenditure 
distribution, costs of materials and labour ..., etc. 
Yost of the data vailable is either extracted from 
foreign sources which in turn had extracted and 
projected old data or from out-dated local surveys. 
hib- 
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"The present situation in the Sudan points out 
to considerable lack of information about the 
users of mass housing", 
writes Elias 
(43), 
"This is due in part to the very recent involvement 
in the field of mass housing dating back only 
to the early 50's and in part to the lack of 
experts in the field of user studies. For 
research workers and de: signers today there are 
only two possibilities; either to go to the 
field dig out necessary information or else 
to rely upon subjective experience and assumptions 
of user need which have not been tested. The 
first alternative is usually limited by time, 
money, etc., and the second by the likelihood 
of repeating previous. errors and misconceptions". 
There should be a steady compilation of new data 
and revision of old data in order to provide 
housing according to actual requirements and to make 
use of past =xperience. 
(F) ORIL . r. TIO1J Or RESEARCH 
There are several housing research centres at 
present in the Sudan; each operating independently 
from the others. The major ones are: 
Roads and Buildings Research Institute. 
National Council for Research. 
Department of Research, Ministry of Housing. 
Department of Research, Ministry of P. W 
Department of Research, Estates Bank. 
University of Khartoum. 
.ý 
As there is no co-ordination between them 
duplication and repetition of work is frequently 
cited. They all seem to complain of lack of funds 
for research. Also a general spirit of desparation 
engulfs the researchers as they feel that there is 
no point in researching if it is never going to be 
put into effect. Preconceived political opinions 
are actually more effective than the findings of 
research. Another import points worth noting is that 
all research institutions are found in the capital 
city and as a result most of the work done is 
related to the capital situation. Even this study 
had to be carried out mainly in the capital where 
data and facilities are available. 
It is considered essential that the authorities 
should first merge all institutions in one body which 
should have provincial branches throughout the country, 
and should provide necessary funds for research and 
links with other research bodies in other parts of 
the world. There are innumerable topics relating to 
local conditions, such as methods of cost reduction 
and quality improvement in low-cost housing, which need 
to be investigated. Researchers should be directed 
to pay more attention to the local constraints of 
finance and know-how in order to avoid pitfalls of 
impracticality. With respect to importance of research 
in housing Payne(5) writes ; 
>_# ,4 
"Continuous research programme, however, serve 
as a vital element in the formulation of policies 
and can indicate not only the housing processes 
at any one time, but also the rate at which they 
are changing", and "Research performs a critical 
function in housing and planning programs as well 
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2.1.1. INTRODUCTION 
In the previous part of this thesis it has been 
argued that the present housing problem in the urban 
centres of the Sudan is attributable to a number of 
interrelated factors which have been summarised under 




It has been pointed out that the availability of 
low-cost finance is an important facility which should 
be provided to low-income groups in order to help to 
alleviate the current shortage in low-cost housing. 
Following this argument a housing finance model that 
draws part of its cash flows through co-operative 
associations has been purt forward. 
With regard to the administrative constraints 
it has been argued that under the present economic 
circumstances of the Sudan, provision of sites-and 
-services only presents an appropriate approach to 
rapid mass low-cost housing. However, it has also 
been emphasized that the present implementation 
of this approach is inadequate and helps, by and large, 
impede the process of immediate realisation of 
housing. That is mainly because the basic services 
are usually not provided with the schemes on the 
one hand, and the current enforced standards are too 
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expensive for them to be met by a large majority of 
low-income consumers. In this respect it has been 
pointed out that the authorities could play a major 
role in accelerating the process of low-cost housing 
production bA by three measures: 
- By implementation of sites and services 
approach according to its true principles. 
- By applying more realistic housing standards. 
- By extending technical and administrative 
advice through aided self-help to low-income 
consumers. 
Inevitably the application of these measures 
lead to problems with technical constraints, and 
consequently this part is mainly concerned to evaluate 
these technical constraints on housing provision. 
Arguments are presented to the effect that current 
practices in the design and construction of houses 
contribute to the present high cost of housing 
relative to low-income users. 
The hypothesis held here is that by following a 
rational approach in the spatial design and through 
enhancement of local technology in the construction 
of houses more economy could be achieved. This 
hypothesis is discussed in the following chapters: 
2.2. SPATIAL DESIGN 




2.1.2. COST-GENERATING FACTORS: 
Technology can have a big impact on cost of 
housing as housing usually consists of a series of 
components that may be produced in various ways and 
with different costs, standards and financing options. 
This can result in a wide range of housing types that 
may be produced compatibly with the economic afford- 
ability of different income groups. Such direct costs 
associated with the structure itself are, however, 
only part of the full cost of housing relative to the 
consumers. Other factors such as proximity to 
employment opportunities, provision of services and 
communal facilities should also be considered in 
order to reach an attainable overall housing cost 
for the intended users. 
The capital cost of a dwelling, however, still 
constitutes a major factor for this matter, and 
gaining control over it, is seen here as a basic step 
in bridging the gap between overall housing cost and 
the economic affordability of low-income users in 
particular. As such, the factors which are determinant 
to capital cost are investigated, then through 
optimisation on the cost of each factor, it is believed, 
reduction in the capital cost could be achieved. 
The factors that constitute capital cost. are- MS 
defined by Duncan(15) are: 
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(i) Cost of land. 
(ii) Cost of building materials. 
(iii) Cost of services. 
(iv) Cost of labour. 
(v) Fees of design and supervision. 
The available data on the proportional costs of 
each of these factors to the capital costs of dwellings 
in the Sudan are very scarce. However, based on the 
study of Mustafa and Khwad(3) and on personal observations, 
the percentages shown in figure (2.1) may reflect the 
situation over the last five years. From the figures 
shown it can be seen that the costs of land, building 
materials and services collectively constitute between 
60% and 80% of capital cost. It is in this area where 
technology could be effectively employed to reduce 
capital cost. Reductions on costs of labour, fees of 
design and supervision can be achieved through aided 
self-help methods which are discussed in part four of 
this dissertation. 
Reduction in costs of land, building materials 
and services generally involve two aspects: 
- Reduction in quantities. 
- Reduction'in unit-costs. 
Based on this concept the approach followed in 




APPROXIMATE HOUSE COST DISTRIBUTION 
IN URBAN CENTRES OF SUDAN 
3UILDING 
MATERIALS 
Fig (2.1. ) 
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First, it is conceived as essential to start with 
investigating the possible reductions that can be made 
on the spatial requirements,. as upon these the quantities 
of all other factors are sensitive. By reducing the 
spatial requirements in terms of area per person 
fundamentally, the plot size of house will be reduced, 
this is initially important as has been mentioned earlier 
the cost of land is by itself a major cost-factor. 
Also by reducing the volume of space needed per person 
further reduction on cost can be attained through the 
consequent reduction in the quantity of the structure. 
Second, it is intended to look into possible 
reductions on unit costs of land, building materials 
and services. 
It is also important to mention here that throughout 
the process of investigating cost-reductions, attention 
is paid to the impacts on the quality of housing with 
regard to user's social and physical comfort. 
89 
PART (2). CHAPTER (2.2) 
SPATIAL DESIGN 
2.2.1. INTRODUCTION 
2.2.2. PREVIOUS AND CURRENT EXPERIENCES 
2.2.3. DISCUSSION 
2.2.4. THE DESIGN PROCEDURE 
2.2.5. THE STANDARDS 
90 
2.2.1. INTRODUCTION 
House design in general terms is the synthesis of 
social, economic, climatic änd technological considerations 
as applied to human control of environment(19). The 
extent of influence each factor has on the design varies 
with the locality and with the progress of time as has 
been observed by Rappaport(8). So in order to put 
forward suggestions on possible measures which will 
result in more economic designs of low-cost houses, it 
will be important to look at previous developments and 
to consider current constraining factors. 
2.2.2. PREVIOUS AND CURRENT EXPERIENCES 
The developments in design of urban houses in the 
Sudan could be seen in three main types of houses: 
(A) The traditional houses. 
(B) The colonial houses. 
(C) The current houses. 
The following review may help understand the 
characteristics of these types and the factors that 
influenced their designs. 
(A) THE TRADITIONAL HOUSES 
Although the traditional Sudanese houses have no 
definite sizes or layouts, yet the social and climatic 
influences on their designs are recognisable by some 
commonly shared features. 
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On the one hand, the social influence stems mainly 
from the extended family system, and the attitude of 
privacy resulting from the Islamic religion which is 
dominant in the Northern regions of the country. Certain 
common features have been developed in the designs of 
traditional houses as a result of the above mentioned 
social factors, which may be summarised in the following: 
- Scattered unit-dwellings within the compound house 
to cater for a number of related families. 
- High boundary walls encircling the compound to 
ensure the privacy of the household as required 
by the Islamic teachings. 
- Two semi-separated quarters within the compound. 
One for the male reception and another for the 
rest of the household. This is also to cater 
for privacy. 
- Shared common facilities such as the kitchen and 
pit latrines. 
Figure (2.2) shows a typical traditional house. 
On the other hand, the influence of climate can 
be noticed from: 
- The large size of open courtyards which usually 
provide better physical comfort conditions than 
rooms(20). Most of the daily activities of the 
household such as cooking sleeping .. etc., are 
performed in the open courtyards. Rooms in most 






























valuables and are used by people only under 
extreme environmental conditions such as in 
winter or during rainfalls. See photographs. 
- The high ceilings in rooms which, on average, 
reaches 4.00 m. This is mainly due to the 
popular belief that high celings contribute 
to better thermal conditions. 
- The small size of windows to reduce heat gain 
while allowing for ventilation. 
- The flat roofs due to scarcity of rainfall. 
These features are exemplified by traditional 
houses which are still built in rural areas and are 
found in some parts of urban areas. 
(B) THE COLONIAL HOUSES 
These types had primarily been meant to provide 
comfortable living conditions to the officials, who were 
predominantly Europeans. For that purpose they had to 
be modelled on the European methods of design and 
construction with some modifications to suit the demands 
of prestige and local climate. 
At a later stage in that era the need had arisen 
for provision of accommodation to the increasing number 
of native governmental employees. Hence, new types of 
colonial houses had duly emerged. The new types although 
had been designed according to modified European standards, 
(") 
they had been more modest in appearance and less costly. 
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Superficial attempts to emulate the indigenous forms of 
houses could also be noticed in some of these houses, 
such as in the railway-workers conical houses. This 
has also been observed by Cain 
(21) 
: 
"Unfortunately indiginous building has inspired 
formalistic mimicry more often than serious 
assessment. For example, in the Sudan the conically 
roofed, mud-and-thatch family house is recreated 
in concrete and brick, with a backyard, and laid 
out in straight rows as a low-cost housing scheme. 
The indiginous social and cultural validity is 
lost in the transition of form from family cluster 
to the rigid layout". 
Despite their accountable anamolies, I believe, 
these houses have made a great impact on the subsequent 
trends in urban-house-design. 
First, their emergence was accompanied with design 
standards which to a great extent had been derived from 
the European standards. These, in the post-colonial stage, 
had been taken for granted and passively enforced on the 
new situation in urban housing. The question of standards, 
however, is more elaborated upon in section (2.2.5). 
Second, the transformation from rural to urban 
brought about new constraints on incomes, land acquisition, 
use of new building materials and mthods of construction. 
All these had been alien to people the majority of whom 
still had strong traditional concepts. Under such 
conditions these houses offered readily models upon which 
the new urban houses had been fashioned. 
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(C) THE CURRENT HOUSES 
These types cover a wide range of houses which 
include; the public sector houses, the private houses 
and the popular houses which have been described in the 
first part of this dissertation. However, for the 
present purpose the following review will concentrate 
on the low-cost public sector houses and the low-cost 
private houses. 
First, the low-cost public sector, which were 
built only during the 60's, had largely been influenced 
by the practices in the design of colonial houses. 
This can be gauged by the similar features in the two 
types as can be seen from the attached plans in 
appendix (2.1). In the two cases: 
(a) The house was designed for a single family. 
(b) The buildings within the compound were compact 
(consolidated together). 
(c) The plot size and the vertical and horizontal 
dimensions of buildings were similar. 
(d) The types of building materials were similar. 
The similarities here were expected as the same 
standards of design had been used and perhaps the designers 
themselves were of a similar school of thought to those 
of the previous regime. 
However, the major drawbacks in the public sector 
low-cost houses were: 
(i) Their high cost relative to incomes of the 
majority of low-income people 
h1). The criteria 
( 
of eligibility to'housing such as a minimum 
income equivalent to the minimum governmental 
wage and perminance of job, have initially 
excluded a large bulk of low-income bracket. 
(ii) The user's dissatisfaction in terms of functional 
allocation of spaces and layout of buildings 
( 
within the house1} . 
Second, the low-cost private houses which are constructed 
by user's own resources. Again the designs of this type 
of house is influenced by the designers attitude of 
thought and by the current standards which are still 
arbitrary. The owners are usually obliged to resort to 
designers to produce drawings complying with the standards 
so that they can obtain building permits. Under such 
circumstances the design may fail to meet user's true 
needs and requirements and more often becomes beyond his 
financial capability. 
2.2.3. DISCUSSION 
From the previous reviews it could be seen that the 
transformation of urban houses from traditional to 
current, has occurred under two main influences. 
(a) The influence of the designer's attLtude of 
thought in the design procedure. 





Due to both influences, it can be said, that the 
process of transformation has failed to meet the urban 
housing needs of the low-income group. This is manifested 
by the large illegal shanty towns which provide at 
present about 50% of the total urban housing stock as 
has been pointed out in (1.1.4). 
Obviously designers as well as standards shall 
continue to be needed in housing provision. But in 
order to meet the increasing housing need specially 
of low-income groups, the design procedure and the 
standards should be based on user's true needs, 
financial affordability as well as other local conditions. 
The following may demonstrate that some economy 
in low-cost housing can be achieved through a rational 
approach in design and by application of realistic 
standards. 
2.2.4. DESIGN PROCEDURE 
The responsibility of the designer should start 
from the distinction between the desirable requirements 
by the user which may be based on preconceived images of 
unaffordable housing, and what he can actually afford. 
In order to establish the affordable requirements it 
will be necessary to define the user's income, social 
values and customs and daily pattern of living. Actual 
surveys in these respects are imperative as in the pEst 
misconceptions have lead to several pitfalls in the design. 
For example the popular belief that strict segregation 
between males and femals is essential has often lead to 
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expensive measures in provision of separate entrances, 
verandahs, bathrooms .. etc. While the new economic 
urban constraints have modified this attitude to a great 
extent as can be observed in the squatters areas where a 
whole family lives in one room or even in the legal low- 
cost houses as has been observed by Elias(11). 
Similarly with the misconception on the extended family 
system which has virtually ceased to exist in its 
traditional form under the current urban situation(11)0 
It will also be necessary to define the actual daily 
activities which are carried out in the house and their 
functional requirements. That will determine the types 
SPes 
of needed ac o; v td-e-s in terms of dimensions and openings 
for circulation, ventilation and lighting. Preconceptions 
on this aspect also have often lead to provision of 
unnecessary spaces, which unjustifiably added to the cost. 
At the moment the following spaces are regularly featured 





W. C. s 
Bathrooms 
In most cases these features are incorporated in 































A CURRENT LOW-COST HOUSE 
Fig. (2.3. ) 
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It has been shown by Tambal(20) that due to climatic 
reasons open courtyards are being used in existing houses 
more than rooms, while rooms are mainly used for storage 
of furniture, reception of guests and under extreme 
weather conditions - are used for sleeping and living. 
Verandahs, which refer to roofed open-sided spaces, are 
traditionally unknown in their present form and have 
been introduced during the colonial era 
(18) 
. They are 
extensively used during mid-day time when direct solar 
radiation becomes intolerable. Their necessity stems from 
the fact that they are shaded and at the same time provide 
better ventilation than rooms. 
In view of the above it may be seen that what is 
actually demanded under the climatic conditions of Sudan 
are two types of spaces; open courtyards and another type 
of space which cater for storage and living when extreme 
a 
weather conditions occur. For a family of. imeagW_ income 
one large space, depending on the family-size, which is 
well ventilated may substitute the dual provision of rooms 
of verandahs. See figure (2.4). The occupants may 
separate, by light partitions, this type of space and 
at a later stage, to suit their different requirements. 
Similar solution, however, has been reached by the 
squatters as can be seen in figure (2.5). By doing so, 
more space in the land plot can be saved for open 
courtyards, which are more demanded, and cost only the 
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Fig. (2.5) 
" pit latrine 
. 
Similar procedure in assessment of spatial 
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requirements can be applied on utility buildings 
(kitchen, bathrooms and toilets). As kitchens are mainly 
used for storage of cooking utensils and food while most 
of the cooking is done in open spaces, the design of a 
kitchen for cooking purposes should not be the norm. 
Smaller areas in this case can service the requirements 
of storage and washing up. Bathrooms are also normally 
designed to fit in bath tubs, while showers which require 
smaller spaces are commonly used and cost less. The use 
of one space which combines a shower and a toilet should 
also be considered, which will save more space. 
However, it is not the intention here to put forward 
certain definitive spatial dimensions; but rather to raise 
the issue of pursuing alternatives and more economic 
spatial designs in low-cost houses in order to save cost 
of land and cost of construction. 
2.2.5. THE STANDARDS 
The above mentioned measures in design procedure 
need to be coupled with revision of the current standards 
to augment the achievable economy through spatial design. 
The current standards in general tend to, unjustifiably, 
raise the cost of houses. This can be detected in two 
situations: 
(i) The plot size. 




This is explained in the following: 
(i) The current minimum plot size standard is (300m2) 
which has not been founded on any clear basesh1)(12) 
( 
The plot size in particular has two major 
implications on the cost of houses. First, it 
involves the cost of land which at current prices 
and plot-sizes constitute a large part of the 
capital cost of houses. In low-cost areas at 
present the official price of land is 
(L. S. 10/m2 - ¬4/m2) which makes the cost of a 
minimum plodt (L. S. 3000 - £1200). This, by 
itself, constitutes 10 times the officially 
decided annual minimum income which is 
(L. S. 300 - £120). If the criterion of affordable 
housing which is three times annual income, as 
recommended by the United Nations(24), is applied, 
the house-cost from the start becomes 11.7 
unreachable. 
Second, the plot size in the case of the Sudan 
has an impact on the cost of boundary walls as 
their length depends on the parameter of the plot. 
Although large plots are commonly demanded for 
several reasons, the factor of cost in relation 
with user's financial affordability should be a 
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It is also worth mentioning here that governmental 
subsidy on price of land can play a major role 
in reducing capital cost of houses. 
(ii) With regard to minimum space standards and their 
effect on housing cost, three examples can be 
cited: 
First, the current minimum distance between 
buildings and boundary walls is 1.50m., for the 
given reasons of privacy of neighbours and 
allowance for ventilation to the owner's house(12). 
Both reasons cannot justify the standard, as 
privacy of the neighbour, which is meant to be 
the visual privacy, is attainable through several 
ways of design even if buildings are located at 
the boundary line. One way is by complete 
exclusion of window openings to the neighbour 
side. Also, in the case of the Sudan where few 
houses rise above single storey ventilation from 
sides seems to be unnecessary as the low height 
of houses allows adequate ventilation at ground 
level on both sides. This standard in particular 
exemplifies an irrelevant one that may be useful 
in temperate climates where natural light is 
required from all sides of buildings and where 
ventilation at ground level may be obstructed by 




The second example is the minimum ceiling height 
of 3.50 m. This was initially adopted at previous 
times when clear headroom for ceiling-fans may 
have been the cause; but at present wall and 
floor mounted fans are available when needed to 
substitute ceiling fans. Also, a recent research(17) 
has shown that 2.50 m. ceiling height is adequate 
enough for provision of thermal comfort within 
rooms in hot climates. Consequently a height of 
one metre in the construction of walls can be saved. 
The third example is the minimum standard for 
linear dimensions of rooms which is 4.00m. 
This should basically be calculated upon number 
of users and dimensions of used furniture and may 
be better expressed in area/person rather than 
fixed dimensions. However, practically a length 
of 3.60m. can take two standard beds put jointly 
(head to head), which is about the extreme possible 
situation. So there is no justification for the 
extra 40 cm, which in a number of rooms makes a 
big difference in the total quantities of floors, 
walls and roofs. 
These are few examples which may express the need 
for new standards based on realistic findings. 
ý"ýý; i y. ý, ü 
i 
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PART (2) - CHAPTER (2.3) 
BUILDING MATERIALS AND METHODS OF 
CONSTRUCTION 
2.3.1. INTRODUCTION 
2.3.2. THE TRADITIONAL SYSTEM 





The previous chapter has dealt with savings through 
spatial design; this chapter deals with possible savings 
through building materials and methods of construction. 
This is perceived in relation with: 
- Available and attainable resources and technical 
skills. 
- Implications of building materials and methods 
of construction on housing environmental qualities 
or hygiene, safety and comfort. 
First, a review on available construction - systems 
is presented as a background for assessment and conclusions. 
For distinction, the available system are reviewed within 
two frames: 
- The traditional systems 
- The conventional systems. 
By (traditional systems), is meant the local 
indiginous building materials and methods of construction, 
which have been developed over the years with insignificant 
influence from imported technology. 
By (conventional systems) it is meant to cover the 
building materials and methods of construction which have 
been imported during colonial era, yet which are 
insignificantly altered by more recent technology. 
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Each of the two systems is reviewed under the following 
subdivisions: 
(i) BUILDING MATERIALS. 
(ii) CONSTRUCTION DETAILS. 
(iii) METHODS OF CONSTRUCTION. 
2.3.2. THE TRADITIONAL SYSTEMS 
(i) BUILDING MATERIALS: 
Common traditional building materials in the Sudan 
include: mud, burnt bricks, thatch and timber. According 
to Agib(25), the main construction material in about 80% 
of rural and urban houses is mud. In order to discuss 
the relative costs and availability of these materials, 
some information about their individual properties will 
be necessary. This is reviewed as follows: 
Mud; is used either as cast-in-situ or as sun dried 
bricks. In both cases mud is made by mixing sandy-clay 
soils with water and in some parts of the country crushed 
straw is also added to the mixture. In case of cast-in-situ 
mud walls are made in layers of about 50 cm. height and 35 cm 
to 45 cm. thickness and without formwork. The process 
is entirely carried out by manual labour. Mud bricks 
are formed by timber moulds which vary in dimensions at 
different localities but on average they are of dimensions 
similar to those of common burnt bricks (23 x 11 x 6.5 cm). 
After moulding, which is also done manually, bricks are 
left to dry under direct sun for periods of five to seven 
days; subsequently they are stacked in about five tiers for 
further drying before they are used. 
-1 
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Burnt bricks; are usually made from soils dug out from 
alluvial deposits along the Nile banks. Mixing and moulding 
is carried out similar to mud bricks but using more regular 
moulds. After sun drying, bricks are baked in small 
kilns using timber as a fuel. The kilns are constructed 
from the same sun-dried bricks to be baked. 
Timber; is mainly used in its crude form as palm stems 
or stems and branches of large Acacia trees which are 
commonly found in Northern Sudan. Sawn-timber is only 
found in the Southern regions of the country where hard 
timber forests (Mahogany, Bu, Vuba ... etc. 
) are available; 
and being more expensive than the local crude timber of 
the North due to cost of sawing and transport, its use 
is usually restricted to joinery works and railway sleepers. 
The crude timber of the North is commonly used in the 
construction of traditional roofs, doors, lintels and 
furniture. 
Thatch; which covers palm leaves and grass, is mainly 
used as filling layers in roofs. 
It may be useful here to compare the prices of the 
two main substantial traditional building materials which 
are mud and burnt bricks. The price of a thousand mud 
bricks at present is (L. S. 15 - 20, £6 - 8); and the price 
of average quality burnt bricks is (L. S. 35 - 45, 
£14 - 18). The new legislative restrictions on 
the 
consumption of forest timber, as protective measures 
ýý 
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against desert crawl, coupled with the continuous 
rise in labour cost are progressively escalating the 
price of burnt bricks. This rise is noteably not 
proportionate with the rise in the price of mud bricks 
as in the latter the cost of fuel is not involved. 
See figures (2.6). 
(ii) CONSTRUCTION DETAILS: 
Loadbearing walls are commonly used in the 
traditional systems of central Sudan. They are made 
in mud, burnt bricks or in combination of both which is 
locally known as Gishra. In the Gishra system burnt 
bricks are used as external facing and for the parapet 
walls to provide more resistance against erosion from 
the rains. In the case of pure mud walls Zibala' is 
used for external plastering; which is a fermented 
mixture of lcay, sand and animal dung, as it is believed 
to be more resistant to rains than pure mud. Internal 
plaster in all cases is made of clay and sand admixture. 
mud is used as mortar with burnt bricks or sun-dried bricks. 
Roofs are predominantly flat and are constructed 
by spanning a round timber purlin about 30 cm. in diameter, 
smaller logs or a split-palm stems are then laid on top rM 
at a metre spacing as rafters. On this framework a layer 
of palm leaves or thatch, a layer of mud (10 cm. ) and a 




Floors of traditional houses are usually of 
consolidated earth made by watering and ramming the 
natural ground. 
Traditional windows are small in size (40 cros. x 
40 cros. ) relative to wall-surface-areas; and are usually 
located high up the wall just below the roof. The main 
reason for this arrangement, I believe, is due to the 
limitations imposed by the low tensile strength of 
commonly used timber lintels. In this size and location 
the dead loads, arising from the roof and the portion of 
wall above, are minimised.. Windows are usually left as 
open orifices without shutters, which allows ventilation 
but at the same time dust and insects are freely allowed 
in. This feature contributes a great deal to the notorious 
image of filth and lack of hygiene which is usually 
associated with traditional houses. 
The current standards discourage the construction 
of houses in urban centres on the grounds of unsuitability 
in terms of structural failures, lack of hygiene and 
fire hazards. 
(iii) METHODS OF CONSTRUCTION 
Manual labour is used in all stages of construction 
of traditional houses. A local craftsman supported by 
a gang of two or three men; or the house owner himself 
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TABLE (2.1. ) 
continued -WALLS 
TYPE DESCRIPTION THICKNES. (mm) 
THATCH 
TIMBER -POST W1 
IN OUT 
TRADITIONAL 
20 400 30 ZIBALA 030 
MUD 400 









20 230 20 
PLASTER 020 
KILN-FIRED BRICK 230 
W4 PLASTER 020 




TABLE (2.1. ) 
continued _WALLS 
p, t 
TYPE DESCRIPTION THICKNES. 
I mrna 
20 350 20 
PLASTER 020 
KILN-FRED ONE BRICK 
W5 PLASTER 020 
20 230 50 110 20 PLASTER 020 
KILN-FIRED 1/2 BRICK 110 
W6 CAVITY 050 
KILN-FIRED ONE -BRICK 230 
PLASTER 020 
NEW 
NOTE : 1-Traditional constructions are developed locally over centuries 
of experience. 
2-Conventional constructions are imported over the last 150 
years and are known in the urban centres mostly. 
3- New constructions are known only in the last 20 years. 
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TABLE (2.1. ) 
ROOFS 
TYPE DESCRIPTION THICKNES. 
(mm. ) 
THATCH 050 
Rt REEDS MAT 
CRUDE TIMBER PURLINS 
TRADITIONAL NETWORK 30 mm 
ON RAFTERS 
R2 '%;:: ".: ý.:.,: " 
ZIBALA 030 
MUD 100 
REEDS MAT 020 
TRADITIONAL CRUDE-TIMBER PURL! NS 1000 
ZIBALA 
::, : :.;. ; ..: ." MUD 100 
BITUMINOUS PAPER 003 
TIMBER BOARDS 025 
IMPROVED TRADITIONAL SAWN TIMBER PURLINS 
800 
BITUMINOUS PAPER 003 
R4 TIMBER BOARDS 025 
SAWN TIMBER 
CONVENTIONAL PURLINS 800 
. 
FIBRE BOARD 025 
TYPES OF CONSTRUCTIONS COMMONLY USED IN HOUSES IN 
THE SUDAN 
* ZIBALA Fermented mixture of animal dung clay and sand . 
TABLE (2t) 
continued - ROOFS 
TYPE DESCRIPTION THICKNES 
(mm. ) 
R5 CORRUGATED ASBESTOS SHEETS 003 
TIMBER PURLINS () 900 - 
CONVENTIONAL 
R6 
CORRUGATED ASBESTOS SHEETS 003 
TIMBER PURUNS j2 900 - 
IMPROVED FIBRE BOARD 025 
CONVENTIONAL 
KHAFGI * 050 





BITUMEN PAPER 003 
R. CONCRETE SLAB 100-120 
NEW 
* KHAFGI :A fermented mixture of crushed kiln-fired bricks, time, cement. 
TABLE (2.2) 
COST OF COMMON TYPES OF CONSTRUCTIONS 
SHOWN IN TABLE (2;. 1) 
CONSTRUCTION- 
TYPE 
COST OF MATERIAL 
2 'L. S. /m 
-COST OF MATERIAL 
AND LABOUR 
L. S/m2 
R1 4.00 8.00 
R2 8.00; 14.00 
R3 14.00 20.00 
R4 18.00 24.00 
R5 16.00 22.00 
R6 18.00 24.00 
R7 84.00 110.00 
RB 92.00 120.00 
A 
TABLE (2.2. ) CONTINUED 
CONSTRUCTION 
TYPE 
COST OF MATERIAL 
2 L. S. /m 
COST OF MATERIAL 
AND LABOUR2 
L. S. /m 
W1 4.00 8.00 
W2 9.00 16.00 
W3 16.00 24.00 
W4 24.00 34.00 
W5 38.00 48.00 
W6 40.00 52.00 
NOTE : Costs are based on prices of materials and 
rates of labour taken in August, 1982. 
AA 
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usually carry out the job. This latter practice is very 
common specially in rural areas, a fact that makes the 
introduction of organised self-help methods: \i feasible` .. 
The tools used in construction are usually simple 
and locally made such as pick axes, spades and trowels. 
Scaffolding and formworks are not used; instead the dry 
lower constructed parts of the building are used to support 
workers and new added parts. This method, although 
economic in its operational costs, ensues long waiting 
periods for drying, specially in the case of cost-in-situ 
mud constructions. 
2.3.2. THE CONVENTIONAL SYSTEMS 
(i) BUILDING MATERIALS : 
The materials used in these systems include most of 
the common materials that are being used in the developed 
countries. The great majority of these - except for a 
proportion of cement, concrete blocks, cement tiles and 
burnt bricks - are imported(28) . At present the local 
production of cement consitutes about 60% of the national 
consumption and there are plans for its increase to cover 
(2? ) 
the total demand. Imported building materials, as 
general, constituted in the year 1982 8.3% of total 
expenditure on all imported goods. 
(ii) CONSTRUCTION DETAILS: 




reinforced concrete skeletons and the loadbearing walls. 
In low-cost housing the latter system is invariably used. 
In walls; burnt bricks are commonly used, rather than 
concrete blocks, with cement-sand mixes for mortar, plaster 
and render. 
Common conventional roofs are r. c. slabs covered with 
damp and thermal proof layers; and pitched roofs made of 
timber framework and corrugated sheets of iron or asbestos. 
`In rece{ýt, y_ears 
4locaily developed material (Khafgi) I 
. 74: made of cement, 
lime and crushed bricks, is; l-being used as 
a thermal and water proof layer on top of r. c. slabs. 
Some preliminary tests on iits performance;, for these purposes 
have indicated its validity(29). Corrugated-sheet-roofs 
although they do not require water proofing, are known 
to be poor in thermal insulation. As a result, they are 
usually supplemented with false ceilings of asbestos 
or hardboard sheets in order to alleviate this problem. 
Floors of conventional houses are usually constructed 
of concrete bases and finished in tiles or trowled plain 
- cement. 
Windows are relatively large and are usually made 
of double leaves; glazed panels from inside and timber- 
louvred shutters from outside. 
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(iii) METHODS OF CONSTRUCTION: 
Conventional constructions are generally carried out 
by contractors. The construction process is generally ="ý"ý` 
labour-intensive and on site. Prefabrication is only 
limited to certain items such as bricks, tiles, blocks 
and in some cases the joinery work. Basic construction 
equipments such as concrete mixers and vibrators, which 
have also to be imported, are used in the process. 
It is important to mention here that the great majority 
of contractors operating in the Sudan at present lack the 
technical and organisational expertise and lack the adequate 
financial support. This fact, which is a common complaint 
among local architects and engineers and has been surveyed 
(27) 
and assessed in Battel's report, has often lead to basis 
quality of construction, failures in completion of projects 
or prolongations in execution. 
2.3.4. COMPARISON AND DISCUSSION 
The comparison carried out here is limited to the 
aspects which have direct implications on the following: 
- Economic affordability of low-income users. 
- Production of low-cost housing. 
- Performance of the house-fabric 
in relation to 
safety, maintenance and thermal response, as they 
are the basic crucial requirements in the fabric. 
Within this context the important aspects of comparison 
are seen to be: 
2.3.4.1. Cost relative to income of low-income 
bracket. 
2.3.4.2. Production of low-cost houses in relation 
to available labour and technology. 
2.3.4.3. Strength. 
2.3.4.4. Durability. 
2.3.4.5. Hygienic quality. 
2.3.4.6. Thermal performance. 
2.3.4.1. COST 
The considered systems for comparison here are; the 
traditional system using wall type (W2) and roof type (R2); 
and the conventional system using wall type (W5) and roof 
type (R5) and the common floor of cement tiles on concrete 
base. These are chosen as they are the most commonly 
used, and are shown in details in table (2.1). 
Also two assumptions are made in the comparison: 
First, one house type is used in both cases which 
is an experimental house designed by the Sudanese 
National Council of Research for low-income groups. 
The plan of this house is shown in appendix (2.12). 
Second, the assumed income is equivalent to what is 
officially defined at present as the lower parameter 
of the low-income bracket which is (L. S. 300 - £120) 
per annum. Although it has been argued in an earlier 
part of this thesis that the present definition of 
low-income excludes in reality a large bulk of this 
bracket, it is used here due to lack of data on the 
I 
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real situation. Details of the comparison are shown 
in appendix (2.3) and its result is shown in table 
(2.5). 
2.3.4.2. PRODUCTION: 
Traditional systems usually require simple equipment 
and a small labour force including one skilled man. Also 
the building materials needed are usually, readily available 
near or at construction sites. The system as a whole is 
familiar to the local people. As a consequence of all these 
factors the production of traditional houses is not usually 
affected by shortage in labour or unavailability of 
materials. Stoppage may only occur during the rainy season 
which is more related to the intrinsic qualities of used 
materials rather than other external factors. The main 
determinant factor to the speed of production, as such, 
is the financial ability of the beneficiary. Also the 
main drawback in the process is the long periods required 
for drying during the progress in construction. 
On the other hand, the production in conventional 
systems is dependent on numerous factors which are mostly 
out of user's control. As has been noted earlier, most 
conventional buildings materials are imported; hence they 
are liable to unavailability at local markets. Factors 
of their unavailability are associated with consumption, 
bottle necks and complete stoppages in the transportation 
system or simply due to not being imported in the first 
place. 
114 
Also their methods of construction require a wide 
diversity of skills and mechanical plant; 
a 
has been 
mentioned in (2.3), the construction industry in general 
at present is deficient in both areas. 
Due to all these factors, it is common to find 
conventional houses constructed over long periods of five 
to six years 
(11) 
, although funds may be available. 
In comparison between the two systems on this aspect 
it can be said that the constraints of production in 
traditional systems are more controlable by users than 
in conventional systems. See table (2.5). 
2.3.4.3. STRENGTH 
Experience and several laboratory tests(25)(30) 
have shown that traditional building materials such as 
mud, thatch and timber have strengths (tensile and 
compressive) below what may be required under extreme 
conditions such as floods, heavy rains and gale winds. 
On the other hand all conventional building materials 
have relatively more reliable strengths under all conditions 
as they are usually subject to performance standards and 
codes of practice before use. 
Obviously, the comparison in this aspect should 
favour the conventional building materials. 
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2.3.4.4. DURABILITY 
Traditional building material except for timber 
are inherently crumbly in nature, such as mud and thatch. 
This coupled with the traditional manual methods of 
construction tend to result in an overall system which is 
vulnerable to damage by impact and erosion. As timber is 
usually used without application of protective chemicals, 
it is often attacked by termites. In general, 
traditional systems require substantial annual maintenance 
relative to their initial costs which has been estimated 
at about 10% to 15% to keep them in habitable state(26). 
On the other hand conventional building materials 
are relatively more coherent. The fact that quality tests 
are applied in production of conventional materials as 
well as mechanical equipments are normally used in the 
construction, results in an overall system which is 
adequately resistant to normal impacts and erosion. 
Houses built in conventional systems are known to last for 
over 10 years without any need for maintenance to their 
(26) 
basic structures. 
In view of the above it can be said that conventional 
building materials and systems are more durable than the 
traditional ones. 
2.3.4.5. HYGIENE 
The inherent properties of incoherence and porosity 
in the traditional materials result in an overall 
structure which is not easy to clean and which provides 
a potential harbour to insects and rodents. These and, 
the bad construction details of traditional systems such 
as the uncontrolled orifices and unpaved floors bring 
about unfavourable environmental hygienic qualities and 
health hazards. 
The conventional systems in this concern are 
relatively more hygienic. 
2.3.4.6. THERMAL PERFORMANCE 
The thermal performance of building materials are 
usually assessed against several factors related to 
surface characteristics and intrinsic physical properties. 
The surface characteristics determine the amount of heat 
reflected or absorbed at the surface of the material. 
White and/or shiny smooth surfaces tend to reflect heat 
more than black and/or dull rough surfaces. 
The intrinsic properties determine: 
(a) The heat flow in unit time by conduction 
through unit thickness of a unit area of the 
material across a unit temperature gradient(32). 
This is commonly known as the thermal conductivity 
of the material, which is measured in (W/m3oc). 
The reciprocal of this value is known as the 
resistivity and is expressed as (M3oc/W). 
s; 
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(b) The amount of heat required to elevate the 
temperature of a unit volume of the material 
by one degree. This is known as the volumetric 
specific heat and it is measured in (J/°c/m3). 
The volumetric specific heat capacity is 
dependent upon the specific heat of the material 
and its density. 
As buildings are usually constructed of components 
made in varied non homogenous building materials; the 
assessment of their thermal performance depends on the 
thermal properties of their composite components. The 
fundamental composite properties to be considered usually 
are: 
(c) The transmittance, which is commonly known 
as the (U) - value. This is the reciprocal 
of the sum of the resistances of the materials 
that make the composite component; which is 
measured in (W/m2oc). 
(d) The thermal capacity, which is the amount of 
heat required to elevate the temperature of a 
unit volume of the component by one degree. 
The thermal capacity is dependent on the volumetric 
heat capacities of the materials forming the- 
component, and their thicknesses. Thermal 
capacities are measures in (J/°c/m2). 
... i 
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Components of low (U) values are usually favoured 
in all climates as they reduce heat losses from indoors 
in temperate climates; and reduce heat gains from outdoors 
in warm climates. The main objective in both climates 
is to provide comfortable conditions for users through 
the thermal performance of the fabric. 
Under periodically changing thermal regimes the 
thermal capacities of components have great importance in 
modifying the impact of outdoor extreme conditions on the 
indoor environment. Under such conditions components with 
high thermal capacities retain the impacting heat from 
outside on buildings; and as the outdoor temperature 
starts to decrease the retained heat is dissipated to 
the outside and only partly to the inside of buildings. 
As the outdoor temperature cools at night, an increasing 
proportion of the retained heat flows outdoors and 
where the component's temperature falls below the indoor 
temperature the direction of the heat flow completely 
reverses. As a result a 
(time-lag) between peak indoor 
temperature and peak outdoor temperature is created. This 
time-lag is usually taken as a measure with the (U)-value 
to indicate the efficiency of the fabric in attenuating 
external thermal conditions under periodically changing 
thermal regimes. 
The thermal conditions of the Northern Sudan can 
be described as periodical as the temperature variations 
during day time and night time are noticeable. Under 
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summer conditions the difference between maximum and 
minimum dry-bulb temperature readings has been recorded 
as high as 12°c(35). This situation requires building 
materials of high resistances and high volumetric specific 
heat capacities; and composite materials of low, (U)-values 
and thermal capacity according to the previous explanation. 
For the conventional building materials the thermal 
properties are established and can be obtained from various 
sources. In thecase of traditional building materials 
very little is known of their thermal properties and the 
few known cases were deducted on comparative bases. 
However, during previous work by the author at the Dept. 
of Architecture of Bristol University the thermal 
properties of conductivity and volumetric specific heat 
capacities of Mud, Zibala and Khafgi have been measured 
and may appropriately be employed in the present comparison(29) 
The results obtained for the traditional materials in 
addition to the thermal properties of conventional 
materials which have been compiled from other sources(19)(32) 
(34)(35) 
are shown in table (2.3). 
Again in the case of thermal properties of composite 
structures, those of the conventional types can be found 
in various texts, while those of the traditional composite 
structures had to be measured. For measurement of the 
latter's properties the electrical analogy was utilized. 
Table (2.4) shows the composite thermal properties of 
conventional and traditional structures. Photographs 
(2.1)(2.2), (2.3) and (2.4) show the time-lags of 
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COMPOSITE THERMAL. PROPERTIES 
TYPE PERIODIC STATE 
(U) VALUE W/m2 °C 
TIME-LAG 
HOURS 
R1 - - 
R2 1.20 31 
R3 0.72 54 
R4 1.29 2 
R5 2.43 1 
R6 - - 
R7 - - 
R8 1.64 41 
W1 - - 
W2 . 052 12 
W3 . 929 6 
W4 - - 
W5 . 396 8 
W6 . 550 7 
SOURCE: Reference(29 
TABLE (2.5) 
COMPARISON BETWEEN TRADITIONAL AND CONVENTIONAL 
SYSTEMS 
ASPECT TRADITIONAL. CONVENTIONAL 
1. COST** 16 Times lower para- 46 Times lower para- 
meter of low-income meter of low-income 
bracket (L. S. 300/year) bracket. 
2. PRODUCTION Within control of Out of control of 
low-income user. low-income user. 
3. STRENGTH Poor. Reliable. 
4. DURABILITY Requires annual Requires maintenance 
maintenance. at most every five 
years. 
5. HYGIENE Poor. Acceptable. 
6. THERMAL Satisfactory. Unsatisfactory. 
PERFORMANCE 
NOTES: * The comparison is between traditional system 
using roof type (R2) and wall type (W2) as 
shown in table (2.1) and costs as shown in 
table (2.2). 
In the aspect of cost only cost of construction 
is considered; land cost is excluded as it is 
equal in both. 
This table is to be read in conjunction with 
the discussion in section (2.2.4. ). 
measured by the analogue - computer and under summer 
conditions. 
From tables (2.3) and table (2.4) it can be seen 
that: 
ýa) Traditional building materials have higher 
thermal resistances and volumetric thermal 
capacities in comparison with most of conventional 
building materials. 
(b) Traditional composite structures have lower 
transmittances - (U)-values - and greater time- 
lags than most of the conventional composite 
structures that are feasible to low-cost housing. 
Both of these properties make traditional materials 
and methods of construction more suitable for providing 
an equable internal environment. 
2.3.5. CONCLUSIONS 
In view of the preceding discussion the following 
cOnclus. ions can be drawn. 
2.3.5.1. Traditional systems (materials and methods 
of construction) are within 
the low-income 





measured by the analogue - computer and under summer 
conditions. 
From tables (2.3) and table (2.4) it can be seen 
that: 
(a) Traditional building materials have higher 
thermal resistances and volumetric thermal 
capacities in comparison with most of conventional 
building materials. 
(b) Traditional composite structures have lower 
transmittances - (U)-values - and greater time- 
lags than most of the conventional composite 
structures that are feasible to low-cost housing. 
Both of these properties make traditional materials 
and methods of construction more suitable for providing 
an equable internal environment. 
2.3.5. CONCLUSIONS 
In view of the preceding discussion the following 
conclusions can be drawn. 
2.3.5.1. Traditional systems (materials and methods 
of construction) are within the low-income 
users financial affordability more than the 
conventional systems. 
121 
2.3.5.2. The low-income users have more control 
in terms of technical know-how, availability 
and circumstantial constraints over 
production of houses in the traditional 
systems than they have with the conventional 
systems. 
2.3.5.3. The performance of conventional systems 
in the aspects of strength, durability and 
hygiene is better than that of the traditional 
systems. 
2.3.5.4. The thermal performance of traditional 
systems in general is better than the 
conventional systems which are of near cost 
to traditional systems. 
2.3.5.5. In order to optomise between the economic 
affordability of low-income groups and the 
cost of satisfactory housing, it will be 
necessary to improve the qualities of 
strength, durability and hygiene of 
traditional systems to a level at least 
comparable with that of the conventional systems 
This will not only result in an affordable 
and rapidly - producible housing of an 
acceptable quality; but also saves national 





During the course of this research some work on the 
improvement of Mud, to demonstrate that local material 
can be developed, has been carried out as shown in details 
in part three of this thesis. 
Results of the work have shown that conclusion 
(2.3.5.5) is attainable, whereby the qualities of strength 
and durability have been improved to levels comparable 
to those of normal clay bricks which is the nearest 
building materials in terms of cost to traditional mud. 
This was achieved by stabilisation of soil with quantities 
of cement ranging between 2.5% to 7.5% of the total mass 
of the soil. Improvement of the hygiene quality can also 
be achieved partly as a result of improvements in strength 
and durability - cracks, crevices and erosion are 
consequently reduced - and, partly by more careful design 
of construction details. 
Cost comparison between construction in soil-cement 
blocks (cement content 2.5%) and burnt bricks can be 
analysed as follows: 
(a) Cost of building materials. 
A cubic metre of wall built in soil-cement blocks 
(290 x 140 x 100 mm) costs at current prices: 
Soil L. S. 25.00 
Cement (2.5%) L. S. 10.00 
Total L. S. 35.00 
1.23 
A cubic metre of wall built in burnt bricks and 




L. S. 45.00 
L. S. 15.00 
L. S. 60.00 
The cost of construction in terms of materials 
only, as can be seen from the totals, is about 
40% less in soil-cement than in burnt bricks. 
(b) Over-head costs: 
The cost of labour to be employed in the two 
methods of construction can be assumed to be 
nearly the same. But the cost of production of 
soil-cement blocks in terms of machinery and 
fuel, however, is not equal to that of burnt bricks. 
On the one hand soil-cement blocks can be 
produced on-site, and their production involves 
only manual mixing of soil and cement and the use 
of a manually operated press (see part three). 
Also the same mix that is used in the production 
of blocks can be used as mortar in the construction 
of walls. 
On the other hand burnt bricks are usually 
produced in special kilns located at distance from 
building sites. As a result their cost involves 
those of labour, fuel and transportation. 
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Additionally construction in burnt bricks requires 
use of cement-sand mortar which in turn requires 
employment of a mixer. 
As such, the over-head costs of production in 
soil-cement blocks, even if the cost of "press" 
and "mixer" are equated, are less than those of 
burnt bricks by the costs of fuel and 
transportation. Not only that but soil-cement 
blocks can be produced any where as "presses" 
are easily transportable, while burnt bricks 
can be found only within a certain range from 
kilns; at present found only along river banks. 
2.3.5.6. It can be concluded from the above 
discussion that construction of houses in 
soil-cement blocks will cost less than in 
conventional building materials. It cannot 
be claimed, however, that this difference in 
cost between the two materials by itself 
will make housing affordable to low-income 
people. Further measures in finance, 
administration and design, as has been made 
clear in the preceding chapters, should be 
undertaken to make this aim possible. 
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PART (2) CHAPTER (2.4) 
SERVICES 
2.4.1. INTRODUCTION. 
2.4.2. UTILITY SERVICES. 
2.4.3. PHYSICAL PLANNING. 





Housing services are generally defined as the social, 
(46) the communal and the utility services. The utility 
services only are considered here as they are part of 
the technical constraints which are the concern of this 
part of the thesis. Special emphasis is laid on the 
utility services which are essential in low-cost housing 
development. 
2.4.2. THE UTILITY SERVICES 
These usually include: 
(i) Water supply. 
(ii) Sewage and waste disposal. 
(iii) Storm water drainage. 
(iv) Garbage disposal. 
(v) Power. 
(vi) Roads. 
(vii) Street lighting. 
(viii) Telephones. 
The first five in the above list are commonly agreed 
upon as basic essential services which have direct 
implications on vitality, livability and health of housing 
users(37). 
Their importance may be more pronounced in a tropical 
country as the Sudan where the climatic conditions are 
favourable for breeding of various types of harmful 
bacteria, insects and rodents. Most of the endemic 
diseases which are common in the Sudan such as malaria 
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and tuberculosis, and the epidemical outbreaks are 
believed to be resulting from bad living conditions as 
much as from malnutrition and otar utda; wa contributory 
factors(38). 
The rest of the mentioned services in the above 
list become important only when housing users have 
secured their basic services and start to aspire 
for higher living standards. 
2.4.3. THE PRESENT SITUATION 
At present the vast majority of rural dwellers and 
most of urban dwellers are deprived from the basic services(39) 
With regard to low-cost housing areas in the urban centres; 
according to the current housing policy of sites and 
services, their services should include 
(44): 
(1) Water supply to plot boundary. 
(ii) Human waste disposal on site by water privies 
or pit latrines. 
(iii) Refuse collection in containers placed in 
communal open spaces. 
(iv) Electricity supply to boundary. 
(v) Unsurfaced access roads with open-ditches for 
disposal of storm water. 
Nevertheless, it is common to find that inhabited 
areas are devoid of any type of services apart from 
unpaved roads; this has been shown in several surveys 
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which have recently been conducted on this issue(27)(38)(39)(44 
Although it is commonly believed that this situation is 
arising from lack of funds. There is evidence that the 
following two factors contribute to the disparity between 
allocated funds and spread of services: 
(a) Wasteful physical planning. 
(b) Employment of inadequate services in terms 
of cost and efficiency. 
The hypothesis held here is that applying more control 
over these two factors can reduce the cost of services 
which in turn will permit extension of services to a wider 
section of the population. This hypothesis is explained 
in the following sections. 
2.4.3. PHYSICAL PLANNING 
With regard to this factor, two sub-factors are seen 
as basic contributories and need identification: 
(i) Residential densities. 
(ii) Residential layouts. 
(i) The residential density which is commonly 
applied at present is 40 persons/acre or in other terms 
7.5 dwellings per hectar(27).. This is very low in 
comparison with other places such as Egypt, which is 
of similar climatic and social conditions to the Sudan, 
minimum urban density is 100 persons/per acre(24). 
Also, the United Nations recommends a range of 100 to 200 




conditions(5). This applied low density is usually 
instigated by the large availability of land, but at 
the same time the impact of'the resulting extensions on 
the financial capability to meet services is grossly 
disregarded. 
For example, the urban centre of Khartoum has extended 
in residential areas since 1960 over four fold, while 
among the population which has only doubled ever since 
(27) 
only 60% received basic services. The rest depend 
on personal efforts. If the higher figure of 100 persons 
/acre had been applied, at least half the sprawl could 
have been saved; which in turn could have provided more 
services and for the same amount of funds. The link 
between the sprawl of cities and the cost of services has 
been demonstrated in several researches. 
(2)(5)(37) 
(ii) The grid-iron system is invariably used in 
residential layouts. It may be suitable to use this 
system when car-ownership is very high and there is an 
imperative need for every car-owner to park in front of 
his dwelling. Both conditions, however, are not valid 
in the situation of low-cost housing in this case. 
Also the open spaces are generously allocated 
but on no grounds pertaining to users' requirements or 
cost of maintenance. They are usually depicted as green 
areas on plans but in reality they are found as dusty 
-1 
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arid areas. Practically the cost of watering such vast 
areas to render them green, under the hot dry climatic 
conditions of Northern Sudan where drinking water is in 
dearth, is beyond any conceivable cost. Compare for 
example the size of open spaces and roads in figure 
(2.7) to the size of serviced houses around. 
As such, roads and open spaces do not only add 
up to the sprawl of urban areas, but also arise 
discomfort as vast unshaded reservoirs for impacting solar 
heat, and hazards to health from the amounts of unguarded 
garbage usually dumped on them. 
2.4.4. SYSTEMS OF SERVICES: 
The current used systems in services or which are 
proposed for future use contribute to the disparity 
between funds and provision on the one hand, and often 
create environmental problems on the other. Two systems 
can be cited as examples for this matter. 
First, as has been mentioned before most low-cost 
housing areas are not serviced with water supply. This is 
mainly ascribed to insufficient funds to meet costs of 
extending supply pipes and installing extra pumps and 
tanks at existing over loaded sources(27). In dismay, 
low-cost housing users usually resort to simpler means 
to satisfy their needs. 
LOW COST HOUSING PROJECT KHARTOUM - SEWAGE SYSTEM 
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Some of these means may be adequate enough in 
terms of supply and hygiene such as digging of wells 
for water sources and installing of wind-mills coupled 
with low-powered pumps to cater for settlements of up to 
500 houses. This example is found at present in most 
new low-cost housing extensions around Khartoum. Others 
may resort to other simpler means but potentially 
hazardous to health, such as water-tankers on cars or 
water-bags on animals (see photograph). 
The basic cause of the problem in these cases is the 
insistance by the authority on expensive high technology 
systems which may not also be manned at modest costs, 
rather than lack of funds in the first place. Also the 
lessons that could be drawn from low-income users' 
practices are; simpler decentralized technology can be 
employed in provision of their services and users' own 
resources can be mobilised for that purpose. 
The second example that may be cited is the sewage 
disposal systems. Three systems are commonly used in 
urban areas to provide this service, which are: 
- The water-borne sewerage system. 
- The aqua-privies. 
- The pit-latrines. 
The first system although may be the most efficient 
among the others, has serious shortcomings. 
"Its capital cost is usually too high for 
developing economies, it involves an extravagant 
use of water and the operation of the treatment 
plant requires a high order of technical skills 
which may not be available"(37). 
These shortcomings are very apparent in the situation 
of Khartoum sewerage system, which has been installed in 
the 60's on foreign aid funds. It has been designed to 
cope for an overall maximum load of 3.2 million gall/day 
mainly for middle income housing areas, currently has 
an actual load of 6-7 million gall/day while it still 
services the same initial areas(27). As the cost of planned 
installations to offset the growth in capacity cannot be 
met at once, the expansion is continuously deferred 
while the system in a state of collapse. Also since the 
treated sewage is used to irrigate the green belt around 
Khartoum by the effluence from the sewage plant, which 
is inadequately purified, the green belt has become a 
source of environmental pollution through foul odour and 
source of health hazard from mosquitoes. 
For the aqua-privies, the initial cost per unit may 
be manageable by low-income users, but the system requires 
large amounts of water to keep it functioning. This 
coupled with the ignorance of users with the working of 
the system have, -rendered the system unwanted. Such 
cases can be seen in complete residential areas as in 
El Mahdia settlement in Omdurman city, where mainly the 
running cost of watering the system has obliged the users 
to abandon aqua-privies for pit-latrines. 
(39) 
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Pit-latrines are still by far the most used systems 
because of their relatively low initial cost and 
negligible running cost. Büt they also have disadvantages 
which should impose more restriction on their use. These 
are: 
(i) Foul odour. 
(ii) Breeding of insects and their subsequent hazards. 
(iii) Ground water pollution. 
(iv) Frequent structural failures. 
However, at present the authorities allow their free 
installation mainly because they do not lay any cost-burden 
on public funds. 
The above examples may manifest that the current 
irrational and inequitable employment of available funds 
contributes to the limited provision of services in 
housing areas may be as much as the shortage in funds does. 
Other similar arguements can be given with regard to 
power and garbage disposal services. 
2.4.5. CONCLUSION 
In view of the preceding discussion the following 
conclusions may be put forward to help provision of 
services in low-cost housing areas: 
2.4.5.1. Adoption of minimum residential density 
of 100 persons/acre. 
1 10 
2.4.5.2. Formulation of new standards with regard 
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to heirarchy of roads and open spaces within 
parameters of cost, actual need and climatic 
conditions. 
2.4.5.3. Development of alternative layouts to the 
present grid-iron system within parameters 
of cost, social need and climatic conditions. 
Infinite examples can be suggested for this 
purpose , the one in figure 
(2.8) is given 
for demonstration of other possibilities. 
The above measures are mainly aimed for curbing the 
cost of services through physical planning. In order to 
maintain a balance between cost of systems and funds the 
following may be considered: 
2.4.5.4. Implementation of a differential-levy. system 
on users which should be related to users' 
income-levels and cost of systems that they 
can afford after deduction of an equitable 
share from public subsidies on services. 
For example, a water-borne sewerage system 
may be used in first class areas by meeting 
part of its cost from subsidies and part 
should be raised from high-income users. For 
low-income users alternative less costly 
systems which may largely be financed from 
public funds and minimally from their own 
resources should be sought. 
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2.4.5.4. Low-cost service-systems should also be 
efficient enough in performance, simple to 
operate and without harmful effects such as 
infestation and pollution. For example the 
permanent improved pit latrine (PIP) may 
be suggested as an alternative system (see 
figure 2.9). This system which has been 
developed by the BRE(41) has the advantages 
of: 
(i) Low-cost, at present prices its cost 
can be estimated at (L. S. 250 - ¬100), 
which is less than initial cost of 
aqua-privy (L. S. 400 - £160). 
(ii) Water is not necessary for its operation. 
(iii) Emptying need to be done every five years. 
(iv) The decomposed contents at emptying time 
are harmless inoffensive and useful as 
fertilizer. 
(v) Has no polluting effects even at high 
groundwater level. 
(vi) Can be upgraded in the future to sewered 
system. 
The (PIP) system has been effectively employed in 
(40) 
Botswana where over 2000 units have been built in 1979-1980 
The only cautionary measures that have been fed back from 
the Botswana experience are the need to educate users on 
the closure and opening of chambers and on the emptying 
cycle. The process of 'emptying chambers' is carried 
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out by a suction machine loaded on a truck which - 
if co-operative housing is adopted - can be run by a 
a(, e, ýo,, ý, po sue{ 
co-operative unit. Recycling r-o ae^ -excreta as 
fertilizer in this situation may raise enough money to 
cover cost of purchasing the machine and its running cost. 
The alternative to co-operative is that the emptying 
may be done by municipalities on nominal charges. 
Apart from water supply and sewage disposal, other 
alternative simple-technology unit systems should also 
be considered for other basic services. The power service, 
for example, in most urban centres is overloaded andnot 
extended to recent low-cost housing areas. Unavailability 
of funds to meet proposed projects of boosting existing 
hydro-electricity output and installing national and local 
distribution network is the main cause. Realisation of 
these measures has already taken too long and there are no 
indication of its possibility in the near future. 
Shortage of electricity, power-cuts and inconsistancy of 
voltage due to overloading of existing systems do not 
only contribute to inconvenience of housing users but also 
have serious impacts on the national economy through 
frequent disruptions in industries. 
Some affluent house-users have resorted to 
installation of unit disel generators in their houses, 
which have already brought about serious noise and air 
pollution problems, specially in the inner parts of the 
cities. People of recent low-cost housing areas where 
1 
power is not extended depend mainly on charcoal and 
kerosine for their domestic use (lighting and cooking) 
(44) 
0 
Prices of both charcoal and-kerosine are rapidly escalating 
and correspondingly the problem is tightening the 
meagre financial resource of low-income consumers. 
In a country such as the Sudan, I believe, where 
intensity of solar radiation reaches 665 w/m2(35), and 
there are clear skies most of the year, the alternative 
of harnessing solar energy - at least for domestic 
purposes - should be considered. 
Solar cells which can provide enough energy for 
external lighting, cooking and domestic hot water are 
already available and in-use in some parts of the world 
of similar climatic conditions. as Sudan 
(45). 
By 
introducing similar devices to housing in the Sudan: 
(a) Consumption of electricity will be reduced 
which in turn will offset the present 
overloading and in the long run reduce public 
expenditure on power services. 
(b) The fire hazards arising from use of kerosine 
and charcoal will considerably be reduced. 
With regard to cost in low-cost housing there will 
be a need to compare the running cost of using kerosine 
and charcoal against the capital cost of domestic solar 
(45) 
cells as their running cost is known to be negligible. 
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APPENDIX (2.1) 
PUBLIC SECTOR LOW-COST HOUSE 
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EXPERIMENTAL HOUSE PLAN 
BUILT BY THE NATIONAL COUNCIL FOR RESEARCH 
AT KHARTOUM NORTH, 1975. 
APPENDIX (2.3) 
COST OF CONSTRUCTION OF LOW-COST HOUSE (ATTACHED PLAN), 
BUILT IN: 
(i) Traditional walls type (W2) and traditional roofs 
type (R2): 
COST OF INTERNAL WALLS 
COST OF BOUNDARY WALLS 
COST OF ROOFS 
COST OF SERVICES= 
AREA RATE COST 
90.00m2 L. S. 16.00 L. S. 1440.00 
160.00 16.00 2560.00 
50.00 14.00 700.00 
(LUMP SUM) 200.00 
TOTAL COST 4900.00 
(ii) Conventional walls type (W5) and conventional roofs 
type (R5): 
COST OF INTERNAL WALLS 
COST OF BOUNDARY WALLS 
COST OF ROOFS 
COST OF FLOORS 
COST OF SERVICES 
AREA RATE COST 
90.001112 L. S. 48.00 L. S. 4320.00 
160.00 48.00 7680.00 
50.00 22.00 1100.00 
50.00 10.00 500.00 
(LUMP SUM) 400.00 
TOTAL COST 14000.00 
NOTES: * Rates are shown in table (2.2) 
** Land cost is excluded as it is constant in both. 
i-hoto (2.1. ) 
Roof type (R2), Time-lag (}-) hours 
Photo (2.2. ) 
Roof type (R5), Time-lag (1) hour 
Photo (2.3. ) 
: oil type (W2), Time-12, E (12) hours 
Photo (2.4. ) 
lý. ll type (W5), Time-lag (8) hours 
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THE Photo (2.9. ) 
Photo (2.10. ) 
TRADITIONAL ROOF 
Use of rooms mainly 
for storage of 
furniture and 
utensils. 
Photo (2.11. ) 
Photo (2.12. ) 
Shortage of piped watersupply obliges low-income 
people in some ur1ýan areas to resort to some 
unhygienic means to satisfy their need. The photo 
shows drinking water supplied on water-bags. 
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